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Methods for Conservation of Hearing 


HOWARD P. HOUSE, M.D., Los Angeles 


Hearing conservation is not new. As a 
matter of fact, as late as Queen Victoria's 
time there was a law that remained on the 
books of England which stated that a man 
could not beat his wife between sunset and 
sunrise. Not, mind you, because of what 
might happen to the poor young lady, but 
simply because of the noise annoyance. So 
hearing conservation is indeed not new. 

Of the many ills that have beset mankind, 
few have been as seriously misunderstood as 
impaired hearing. Although the existence 
of hearing loss has been known since the 
time of early recorded history, our knowl- 
edge of the disease before the sixteenth cen- 
tury is very incomplete. At that time it was 
definitely accepted that the deafened were 
mentally deficient, and many laws were 
passed discriminating against these handi- 
capped persons. They were barred, for 
instance, from the rights of citizenship by 
the Justinian Code, and as far back as the 
second century B. C. were classified along 
with fools and children. 

Today hearing loss is still an important 
social problem, and plagues approximately 
10% of our population. Society generally 
has a more enlightened attitude toward this 
disease, but persons with impaired hearing 
are still frequently treated with impatience 
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and annoyance rather than with under- 


standing. 


Patients with a hearing loss are under- 
standably reluctant to admit its existence 
or to seek the help they need in learning how 
to live effectively in spite of their hearing 
handicaps. 

Before discussing methods of conserva- 
tion of hearing in industrial environments, 
I should like to review briefly the various 
types of hearing impairment and illustrate 
for you just what it means to have a hearing 
defect. First I should like to review briefly 
the anatomy of the human ear. The ear 
can be divided into the external ear, the 
middle ear, and the inner ear. The inner 
ear contains the organ of balance as well 
as that portion having to do with hearing. 


As sound waves approach the ear they are 
gathered up by the auricle and directed 
through the ear canal, where they are 
changed from vibrations in air to mechan- 
ical vibrations of the eardrum. These vibra- 
tions are then carried across the middle ear 
by way of the chain of ossicles to the inner 
ear, where they are changed from mechan- 
ical waves or vibrations to fluid waves 
within the fluid of the inner ear in the 
cochlea. 

Here small delicate hair cells pick up 
these vibrations and change them to elec- 
trical or perhaps chemical energy producing 
nerve impulses which are conducted along 
the hearing nerves to the brain, where they 


are then interpreted as understandable 
sound. 
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Now, anything which interrupts this chain 
of events will produce a hearing defect. 
There are two main types of hearing loss. 
One, the so-called conduction impairment, 
which is due to a defect in the conducting 
mechanism along the ear canal, across the 
eardrum or along the ossicular chain or an 
obstruction of the Eustachian tube. Like- 
wise, any defect in the inner ear mechanism 
will produce what is known as an inner ear 
loss or a nerve impairment, sometimes re- 
ferred to as a perceptive type of hearing 
loss. 

A conductive hearing loss may be due to 
cerumen in the ear canal; it may be due to 
an injured or ineffective eardrum; and/or 
the ossicles themselves may be affected by 
disease. The middle ear may be filled with 
fluid of one type or another, or the Eusta- 
chian tube may be obstructed by adenoid 
tissue. 

When a person comes into the office with 
a conduction type of loss he demonstrates 
certain characteristics which are easily and 
readily recognized. First, he will tend to 
talk with a rather soft voice and modulate 
well. Freqently when this person is asked, 
“How do you get along if you are eating 
toast or crackers or celery?” he will tell you 
he has to stop chewing in order to hear. He 
will say also that he can hear much better in 
noise, riding on a streetcar, or a bus, simply 
because he does not hear the rumble of the 
streetcar and the person to whom he is talk- 
ing does hear it and speaks more loudly to 
hear his own voice, which makes it easier 
for the listener. There are many methods 
of treatment of conduction or middle ear 
loss; for instance, medical and/or surgical 
therapy. And last but not least by any 
means, any patient who has a conduction loss 
can always hear very well by means of 
amplification through the modern hearing 
aid. 

There are many causes of inner ear 
damage or nerve loss—from congenital de- 
fects where the child is actually born with 
a defective inner ear mechanism, to disease, 
toxic effects, tumors, hemorrhage, changes 
in vascular supply with age, and, one which 


we are most interested in today, damage of 
the inner ear produced by prolonged ex- 
posure to high noise levels. 


Once the hearing mechanism in the inner 
ear has been damaged, almost regardless of 
the cause, it is a permanent change. There 
is no medical or surgical therapy that will 
benefit an inner ear type of lesion. This 
is in contrast to the conductive type of loss, 
which can often be corrected by medical or 
surgical therapy. Similarly, if the patient’s 
defect is too great, even the use of amplifica- 
tion will not help. It becomes a little like 
trying to shout into the telephone to be 
heard when the wire is cut. 

Therefore it is our duty to do everything 
possible to prevent an inner ear loss, regard- 
less of its cause. 

When a hearing loss is due to noise-ex- 
posure, fortunately it can first be detected 
early by its effect at 4000 cycles per second, 
which acts like a red flag, and as long as 
we know this it can be used to monitor 
workers who are exposed to noise. 

Noise affects the hearing by destroying 
the delicate hair cells. Fortunately for us, 
the cells which have to do with transmis- 
sion of 4000 cycles per second are first 
involved in noise-induced hearing loss, and 
when this loss occurs in this area it will most 
likely be a permanent loss. 


It has long been known that extended ex- 
posure to many industrial noises will pro- 
duce a hearing loss. There are reports of 
noise-induced hearing losses dating as far 
back as 1804, when Fosbrook of England, 
reported that blacksmiths as a group had im- 
paired hearing. Interestingly enough, the 
modern blacksmith, the drop forge operator, 
is still a subject of concern from the stand- 
point of hearing conservation. 


Let us then consider more fully the prob- 
lems of preventing noise-induced hearing 
loss. First, how can one determine that an 
organized program of hearing conservation 
is necessary ; and second, how is such a pro- 
gram organized, instituted and monitored? 
How do you determine that your industry 
may have a noise problem? 
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Fig. 1—Audiogram of employee with early 


noise-induced hearing loss. 


This can be better answered by simply 
stating, “If you have to shout to be heard in 
your plant, you probably have a noise 
problem.” 

Figure 1 illustrates a typical audiogram 
of a noise-induced hearing loss. Notice how 
it involves 4000 cycles per second and then 
2000 cycles per second. 

If you have decided that you may have 
a noise problem, you are obliged to set up a 
hearing conservation program. What are 
the signs and symptoms of a noise problem? 
First of all, if the employees have difficulty 
in hearing speech or if you have to shout 
to be heard, you may have a noise problem. 

Secondly, if the employees complain of 
head noises, ringing noises when they leave 
work at night and for a few hours after- 
ward, they may be having difficulty due to 
noise-exposure. 

Third, if they complain of a temporary 
hearing loss at the end of the work day 
which disappears in the morning, it may 
indicate the beginning of inner ear damage. 

Now, then, having decided that you have a 
problem, what steps should you take? 

First, you should have a careful noise- 
exposure analysis made in your plant. 

Second, you should institute noise-ex- 
posure control wherever 
practical. 


necessary and 


And third, you must set up an audiometric 
program. 


House 


Fig. 2.—Representative commercially available 
sound-level meters and octave-band analyzers. 


Now, then, there are many instruments 
avai'ydle for carrying out a noise analysis, 
and I will not say too much about them 
at the moment. Figure 2 illustrates one type 
of instrument for measuring the sound- 
pressure level of noise and an instrument 
for measuring the frequency characteristics 
or the spectrum of a noise. 

Noise exposure may be controlled (1) by 
reducing the environmental noise, and (2) 
by personal protection. Obviously, the first 
is the most effective means of conserving 
hearing. Personal protection may be accom- 
plished by wearing ear plugs or ear muffs or 
a combination of both. Personal protection is 
many times the only means of noise-ex- 
posure control and should be considered an 
extremely important part of a hearing con- 
servation program. 

We have stated a hearing conservation 
program consists of noise-exposure meas- 

Fig. 3.—Representative commercially available 


audiometers suitable for giving industrial audio- 
metric tests. 
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Fig. 4—Normal air-conduction threshold audio- 
gram. 


urement, noise-exposure control, and hearing 
measurement. Figure 3 shows some repre- 
sentative audiometers for the testing of hear- 
ing. These instruments are used and 
recommended primarily for air-conduction 
testing, not for inner ear or bone conduction 
testing. These instruments may be used for 
threshold testing or screening tests. Figure 
4 shows a normal air-conduction audiogram. 
It is recommended that every employee 
should have a preplacement hearing test. 
Having established a baseline audiograr~ 
for all employes, they may work in a noisy 
environment with adequate ear protection 
if subsequent follow-up tests are given in 
order to detect any change in the employees’ 
hearing status. The workers may be tested 
every 12 months or at varying intervals, 
depending upon the situation, by threshold 
methods, or they may have what is known 
as a screening test. This screening test 
may include all the frequencies at a fixed 
intensity level of 15 or 20 db., and the indi- 
vidual will be given a pass or fail, depending 
on whether he hears the tones at this level. 
lf the tones are heard, there has been no 
change due to noise; if they are not heard, 
it is advisable to have a threshold test made 
to determine exactly how much loss has 
occurred. We have recently introduced a 
new method of screening which Dr. Glorig 
will talk to you about later. This method 
screens only at the 4000 cycle frequency. It 
has certain advantages. It can be used 
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Fig. 5.—Commercially available single frequency 
screening type audiometer. 


without a sound-treated room because 4000 
cycles per second is not masked by the usual 
environmental noise; secondly, it does not re- 
quire highly trained personnel, and third, it 
is a very rapid test. 

I might say that this concept is based upon 
the fact that anyone who has a hearing loss 
at 4000 cycles per second will have no 
greater loss at any lower frequency. Only 
2% of the cases that we have tested with 
this method for validation purposes had a 
greater loss at the frequencies lower than 
4000 cycles per second; therefore it may be 
assumed that this instrument is 98% accu- 
rate. Figure 5 illustrates a commercially 
available instrument that was used for our 
validation studies. It is manufactured by 
Ambco, Inc., of Los Angeles. 

In conclusion, I should like to say that 
hearing loss due to noise-exposure damages 
the delicate hair cells in the inner ear 
mechanism. Once it occurs it is permanent. 
The treatment of hearing loss due to noise- 
exposure is essentially prevention. A satis- 
factory hearing conservation program 
provides the only means for preventing 
hearing loss due to noise exposure. 

The institution of such a conservation 
program is the direct responsibility of the 
medical profession. The Subcommittee on 
Noise in Industry stands ready and willing 
to be of help to you in any way possible to 
further the cause of hearing conservation in 
your industry. 

1136 W. 16th St. (17). 
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Status of Research Activities of the Subcommittee on 


Noise in Industry 


ARAM GLORIG, M.D., Los Angeles 


The title you heard for my paper has 
been changed by me. I believe this is an 
author’s privilege, and, instead of talking 
about the status of research, I want to talk 
about research and its application to the con- 
trol of noise-induced hearing loss. 

In my opinion, the real worth of our 
research program is measured in terms of 
its application to everyday needs. On the 
strength of that opinion, I have chosen to 
confine this discussion of the research pro- 
gram to a report of studies which I feel 
will affect you directly. 

Let me begin by discussing some of the 
information in the revised edition of the 
“Guide for Conservation of Hearing in 
Noise.” In the section entitled “Basic In- 
formation about Hearing Loss and Noise 
Exposure,” several brief but important 
statements have been made. First we have 
stated that noise-induced hearing loss may 
be transient, permanent, or a combination of 
both. Our studies of the temporary auditory 
threshold shifts caused by noise-exposure 
have clearly demonstrated several important 
facts relating both to temporary threshold 
shifts and to permanent threshold shifts. 
Some of the facts are the following: 

1. Temporary elevation of the auditory 
threshold which results from one day’s 
exposure to noise levels of 100 db. or more 
may vary from no shift to 35 db. of loss. 

2. Exposure to typical industrial noise 
produces the largest temporary loss at 4000 
and 6000 cps. 

3. The major portion of temporary loss 
occurs during the first one or two hours of 
exposure. 
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4. The amount of temporary loss is 
roughly the same for the same person from 
day to day, but it varies from person to 
person according to a normal statistical dis- 
tribution, that is, few persons have very 
large or very small shifts, and most of the 
losses cluster around an average value mid- 
way between the large and small shifts. 


5. The amount of temporary loss and its 
frequency location vary with the amount 
and frequency location of permanent loss. 
The more the permanent loss at any fre- 
quency the less the temporary loss at that 
frequency. 

6. Recovery from temporary or transient 
hearing loss occurs mostly within the first 
hour or two after the noise-exposure has 
ended. 

We conclude from these facts that tran- 
sient hearing loss will result in erroneous 
audiograms if hearing tests are given im- 
mediately after the testee leaves a noisy 
area; that the error will be reduced if as 
much as 30 minutes has elapsed before the 
hearing test is given, and that the error will 
be reduced considerably if an hour or two 
has elapsed. 

Second, the Guide states that the amount 
of hearing loss produced by a given noise- 
exposure varies from person to person, that 
is, one person may be more susceptible than 
another to noise-induced hearing loss. 

From our studies of several thousand 
auditory records, we feel that susceptibility 
follows a normal statistical distribution; that 
few persons, therefore, are highly suscepti- 
ble to noise-induced hearing loss. Inciden- 
tally, a study of proposed tests for detecting 
highly susceptible persons leads us to the 
conclusion that there is no test available 
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which will predict susceptibility to noise- 
induced hearing loss of any degree. 

Third, we have stated in the Guide that 
there are four major factors that character- 
ize noise-exposure. These are (1) the 
over-all noise level; (2) the frequency com- 
position or spectrum of the noise; (3) the 
duration and time distribution of the noise- 
exposure during a typical work day, and 
(4) the total duration of noise-exposure 
during an expected work life. 

Our research has emphasized the im- 
portance of the relation of noise and time; 
that is, the importance of the noise-exposure, 
not just noise. Distribution of exposure 
time and total time of exposure are im- 
portant integral parts of the noise problem. 
It is important to know whether the daily 
exposure has been continuous or intermit- 
tent. Intermittent exposures appear to pro- 
duce less hearing loss than continuous 
exposures of the same total time, even 
though the intermittent exposures are ac- 
companied by considerably higher over-all 
noise levels. This apparent effect, if it proves 
to be real, has two important implications : 
1. A statement of the time distribution of 
exposure must accompany the description 
of any noise-exposure. 2. Intermittency of 
exposure may be a method of ear protection. 
Some support for this concept may be found 
in our study of flight line jet engine me- 
chanics. A recent analysis of all employee 
records of 175 flight line jet engine mechan- 
ics and 35 employees of a glass-container 
manufacturing company, all between 26 and 
35 years of age, showed 18 db. more loss at 
4000 cps in the median audiogram of the 
glass workers. Also, 75 jet mechanics be- 
tween 36 and 45 years of age showed as 
much as 25 db. less loss at 4000 cps than 
did 45 additional glass workers in the same 
group. 

We recognize that several unknown fact- 
ors must be considered to have influenced 
the results. Perhaps the most important of 
these is the difference in the use of ear 
protectors. Most jet engine mechanics wear 
ear protection faithfully. The acceptance 
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among glass workers, on the other hand, is 
not as good. 

In spite of this difference, however, | feel 
that one of the reasons why jet mechanics 
show less loss is the time distribution of the 
exposure. Consider the fact that jet me- 
chanics work at a noise level at least 25 db. 
higher than the decibel level in the glass fac- 
tory ; even when ear protection is worn, the 
noise level at the jet mechanic's inner ear 
is still about 10 db. higher than the noise 
level to which the glass workers are exposed. 

The glass workers in the sample were 
exposed to a continuous noise of an over-all 
level equal to 102 db.; the jet mechanics 
were exposed intermittently for varying 
times to noise levels of 130 db. or more. 
Although the over-all levels differed by 30 
to 40 db., the spectra of these noises are not 
significantly different. 

It seems reasonable, then, to assume that 
the significant difference between the two 
noise exposures is the time distribution of 
the exposure during the typical work day. 

Fourth, we have stated in our Guide that 
hearing tests are essential in industry. In 
our opinion it is just as important to test 
hearing as it is to test vision. Believe me, 
this advice is not given lightly. We are 
fully aware of the difficulties you meet in 
giving preplacement and follow-up hearing 
tests to your employees, and we are keenly 
aware of the cost in dollars of such a pro- 
gram. In spite of this, we believe that 
hearing tests must be a part of any preem- 
ployment and follow-up examination pro- 
gram. 

It is essential to have threshold records 
to establish an auditory baseline for each 
employee. Except under unusual conditions, 
it is not very difficult to attain threshold 
audiograms before hiring or reassigning an 
employee. Preemployment tests can be given 
as part of a routine examination and do not 
interfere with production schedules, ete. 
Once a man has been hired, however, any 
test that requires him to leave his bench for 
more than a few seconds at a time may seri- 
ously interfere with production. For this 
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reason follow-up tests have become a serious 
problem in many industries. 

We have not, as it were, been asleep at 
the switch and left you to pull yourself out 
of this testing difficulty by your own efforts. 
Earlier today Dr. House mentioned a single 
frequency screening audiometer for use in 
follow-up testing. The concept of screening 
at a single frequency is the result of several 
years’ search for a method of rapid auditory 
screening. Heretofore screening methods 
have been unsatisfactory for industrial use. 
The individual sweep check method is not 
fast enough, and group methods are not 
suited to industrial conditions. The single- 
frequency screening test is admirably suited 
to industrial use. The validity of this test is 
based on two factors: 1, The large majority 
of audiograms show at least as much hearing 
loss at 4000 cps as they show at any lower 
frequency. 2. Industrial follow-up audio- 
grams are used frequently for monitoring 
the effectiveness of the hearing-conserva- 
tion program. 

Here we are interested only in changes 
of hearing relative to the initial test. The 
most sensitive indicator of a change in hear- 
ing level, particularly in noise-induced hear- 
ing loss, is the status of hearing at 4000 cps. 
If there is no change at 4000 cps, there will 
be no significant change at any lower fre- 
quency. 

You are no doubt wondering how much 
change at 4000 cps is significant. The an- 
swer is, simply, 15 db. If the change from 
the initial findings is 15 db. or more at 4000 
cps, a threshold audiogram should be made 
to determine the change at all other meas- 
ured frequencies. For example, if the initial 
tests shows a loss of 20 db. at 4000 cps, no 
further threshold audiograms are necessary 
until the employee fails to hear 4000 cps at 
35 db. 

There is one qualifying condition that 
must be noted. If the loss at 4000 cps ex- 
ceeds 50 db., the single-frequency screening 
test is unreliable. When losses exceed 50 db. 
at 4000 cps, the test is less sensitive to 
change at the other frequencies, and in such 
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cases threshold measurements must be 
made. 

An analysis of some 2000 audiograms 
made in a local aircraft plant indicates that 
about 500, or 25% of the employees, had 
losses exceeding 50 db. at 4000 cps. It 
would appear, then, that on the basis of a 
50 db. limitation, about one employee in 
four will need special follow-up tests. 

Single frequency auditory screening tests 
should reduce considerably the difficulty of 
administering follow-up tests. We believe 
that with this test we have made an im- 
portant contribution toward simplifying 
your audiometric programs. 

Fifth, and perhaps our most important 
contribution toward solving the many prob- 
lems relating to industrial noise is the prep- 
aration of a standard method and form for 
analyzing data furnished to us by industry 
at large. 


Because of bizarre and incomplete records 
we were unable to make use of over 75% 
of the material we had collected. We real- 
ized immediately that we must develop a 
form which provided not only space for re- 
cording the kind and amount of information 
we needed, but also complete instructions for 
coding and transfer of the data to machine 
analysis cards. After two years of study 
and trial, and with assistance from industry 
and from the Armed Forces National Re- 
search Council Committee on Hearing and 
Bioacoustics, the “Hearing Conservation 
Data Card” shown in the Figure was de- 
vised. 

The hearing conservation data card is 
designed to include all the information now 
thought to be necessary for hearing con- 
servation and for compensation purposes as 
well as some additional information needed 
for research. 

As first glance it may seem complicated, 
but experience has shown that the card can 
be completed in two or three minutes. 
Notice that the recorded information is 
divided into six categories: A, Identifica- 
tion; B, Current Noise Exposure; C, Previ- 
ous Noise Exposures; D, Medical History 
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The reported exposure information will be 
more reliable than it is now if the employee 
is asked to describe his job rather than to 
state whether or not his job is noisy. 

The third section of the hearing-conserva- 
tion card deals with noise-exposure. Section 
E provides space for recording information 
about the noise-exposure which immediately 
preceded the present hearing test. This in- 
formation is important because of tempo- 
rary threshold shifts and the effect on 
temporary threshold shift of changes in 
daily exposure time distribution. 

Obviously, the card need not be filled in 
completely for each audiogram unless sig- 
nificant changes in the employee’s job pro- 
cedure have changed the noise-exposure 
level since his last test, or unless there have 
been changes in the status of his health 
that could produce a hearing loss unrelated 
to noise-exposure. 

I have discussed some of the features of 
the hearing conservation data card to call 
your attention to the items that are impor- 
tant for the realization of the three main 
objectives of a hearing-conservation pro- 
gram: (1) to conserve hearing; (2) to 
maintain records to be used in the event of 
compensation claims, and (3) to provide 
information about the relations of hearing 
loss to noise-exposure, 

The importance of hearing-conservation 
records cannot be overemphasized. Greater 
care must be taken to assure the validity of 
these records, if we are to conserve hearing, 
to serve employer and employee equally in 
the event of compensation claims, and to 
draw valid conclusions concerning the rela- 
tions of hearing loss to noise-exposure. 
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Much of the difficulty now encountered in 
the use of auditory records can be avoided 
by careful checking so as to avoid dis- 
crepancies in the subsequent records. 
Although it is not always practical to have 
the initial records at hand when subsequent 
records are made, it is one way of checking 
the accuracy of follow-up information. 
Respondents are notoriously inaccurate un- 
less the interrogator makes his questions 
very clear. If previous records are easily 
available, the interrogator can cross check 
answers and avoid such inaccuracies as a 
decrease in age, and impossibly large in- 
creases in exposure time, a reversal of sex, 
et cetera. 

Recently we were sent some 3500 auditory 
records which might have yielded invaluable 
information but which proved to be useless. 
When the records were examined closely, 
many discrepancies that were obviously mis- 
takes in reporting were found. 

Another factor that helped to make these 
records useless was handwriting. Decipher- 
ing handwritten records is often impossible 
and is at best extremely time consuming. 
Most of the mistakes can be avoided, and 
most of our objections obviated, by the use 
of predesigned forms such as our hearing 
conservation data card. 

I should like to take this opportunity to 
urge all of you to augment your hearing- 
conservation programs with a good record- 
keeping system and make your data available 
to us for research purposes. The success of 
our research activities rests on your co- 
operation. 


111 N. Bonnie Brae St. (6). 
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Last Name First Middle 2)" Status asa ocial urity No. - Service Number| (10)" Sex 
Military X 
Civilian F- xO 
B. CURRENT NOISE EXPOSURE 
(19) Time in Job (21)° (21)° 
(11-13) (14-18) Mos. ears (20) |Wears Ear Protection other t wently Used Ear Protection 
Tept. or] Job or Noise} |Exposure| than Dry Cotton During lass: x Covers YU 
Location Cod Time Loud Noise 
| Always or Seldon Elastic 30 Muffs 6 
10 DO] Non-elastic (waxy) 40 Helmet 7 
O |x [21314 [5 17 Frequently or Never Rigid (fitted) 
c, Pi MEDICAL HISTORY AND STATUS 
Time in each Category 
(22)} (23)} (24)] (25)] (26)] (27) (28) Aural Pain 1 a 
a b d e Gunfire Drainage 
Previous Job —~ >Ear Injury (mechanical) 3 
a Ssurgery (ear or mastoid) 40 Q 
| Job before that! Comt Arms 3012 Injury, with unconsciousness sO 
TAIL prior jobs innitus Prior to First Noise Exposure 60 
sO innitus Following Exposure to Noise 70 
Ear protection |X Hearing Loss in Immediate Family 8 
lformation of External Ear or Canal 
E. MOST RECENT NOISE EXPOSURE x bstruction of, or Drainage from Canal 2 s a 
G3) Time Since (34)° Duration of (34)" Used Ear Protection ] + “|Perforations of Drumhead 30 OQ 
in. |Hours|Days |Min S\Upper Resp. Infect. or Nasal Allergy 
42 Yes xO vo ¥O) Obstruction 5 
ale a 
~ 
61718 9 4 
F. HEARING LOSSES 
35)" Had Audiometric Test Pure Tone Speech 
Befgre Yes XO Right Left Q7) 
(35) Day} (36-38) 39-40)! (41)} (43)] (45)] (47)] (49)] (51)] (57)] (59)] (61)] (63)] (65)) (67)) (71) L73)K75)| Bin- 
of Week |Date-Mo/Yr| Age 2 500] 1000} 1500} 2000} 3000} 4000} 6 250} 500} 1000} 1500} 2: 3000} 4 6000} Rt. Lt.| aural 


and Status; E, Most Recent Noise Expos- 
ure, and F, Hearing Losses. 

Let us discuss identification. Proper iden- 
tification of the record is vitally important. 
It is essential that a common identification 
system be used for all records if analysis 
of serial records of the same employee is to 
be practical. This analysis may appear to be 
a simple matter, but many things go wrong 
and in doing so can prevent long-term serial 
studies. For example, many companies iden- 
tify employees by clock numbers. These 
numbers are frequently changed when trans- 
fers are made from one department to an- 
other or from one plant to another within 
the same company. Department or location 
numbers are therefore necessary, but they 
should not be used as permanent record 
identification numbers unless it is customary 
to use them consistently throughout the 
period of employment. 

Now let us discuss noise-exposure. You 
will note that there are three sections de- 
voted to noise-exposure. The first section, 
B, provides a record of the employee’s cur- 
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rent noise-exposure, that is, the particulars 
about this present job. Filling in this section 
of the card usually presents no particular 
difficulty. Many plants have had noise sur- 
veys, establishing the exposure levels. If 
not, the noise levels that accompany a job 
operation can be approximated by com- 
parison with other reported surveys. 

The second section, C, provides space for 
recording previous noise-exposure, that is, 
exposures prior to employment on the cur- 
rent job. The form provides space for de- 
scribing the noise-exposure in the job 
immediately prior to the present employ- 
ment, in the one preceding that, and in all 
prior jobs. The information is recorded 
under noise categories labeled a, b, c, d, 
e, f. These categories are based on noise 
evaluations on job operations made by the 
Armour Research Foundation and reported 
in the December, 1953, issue of the Ameri- 
can Industrial Hygiene Association Forum. 

We include a list of jobs and the noise 
categories as part of the instructions accom- 
panying the hearing conservation data card. 
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legal, and, if you will, a socioeconomic af- 
fair, not a matter of science. 

Now, if some of these questions that I 
have suggested without making them com- 
pletely explicit are answered for us, then it 
becomes possible for our scientists, those 
of us with some technical knowledge of 
how hearing operates to devise certain rules 
which may be useful. They may be particu- 
larly useful in arriving at an estimate of 
percentage of total disability. For someone 
who is stone deaf there is no question about 
it. It is just a matter of what the law or 
the agreed schedule of awards may be for 
total loss of hearing. But for the man who 
has partial hearing loss we need to put a 
percentage figure on his disability in order 
to arrive at his particular compensation in 
dollars. 

The kinds of rules that we can reasonably 
be expected to produce are those which will 
work out satisfactorily in a statistical sense. 
That is, on the average we'll do reasonably 
well, although we must always admit that 
any rule that is written that is both arbi- 
trary and precise is going to do some 
injustice at some time to the unusual in- 
dividual. There is always some extreme 
case that can be found where you have to 
say, “Why, yes, this is too bad”; but the 
rules simply can not be made so compli- 
cated as to take care of every conceivable 
extreme condition and situation. We must 
conceive our rules for calculation of disabil- 
ity to be statistical in the sense that they 
will do a very good job on the average, 
and we can also hope that they will be 
logically consistent within themselves and 
not contain contradictions within their own 
structure, 


At present things are in much this situa- 
tion, although perhaps some of the things 
| have just been saying weren't quite so 
clearly recognized a few years ago when a 
group of representatives of the American 
Medical Association and the Academy 
(A. A, O. O.) to which Dr. House  re- 


ferred, whose name | will not undertake to 
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repeat, were asked, “What are the proper 
rules for calculating disability?” 


Our committee discussed, had correspond- 
ence, some of it fairly sulfurous but ulti- 
mately enlightening, and finally realized that 
we really had to exercise the judgment of 
Solomon, be judge, jury, legislature, and 
everything else, and formulate what seemed 
to us a reasonable set of assumptions, and 
say, “These are the assumptions that we 
are making, and if we make these assump- 
tions, then the rules that we now offer will 
follow.” 

On that basis, a statement was formu- 
lated and was publicized in The Journal of 
the American Medical Association. It set 
down some principles as starting points, and 
1 will add that the specific legislation in 
Wisconsin has followed pretty closely these 
principles, which amounted really to recom- 
mendations. 

But let me point out that the action of 
the Wisconsin legislature making those as- 
sumptions valid meant that in that state 
at least these assumptions became part of 
the law of the land, defining what disability 
of hearing would be. And other states will 
not necessarily follow exactly the same 
road, You may modify one assumption or 
another, but as medical men who are in- 
terested broadly in the problem we said we 
hoped that some body of consistency would 
grow up over the country as legislation is 
enacted in one state after another. 

I am going to mention, now, a few of the 
assumptions that were made, and discuss 
one or two very difficult questions that were 
faced in making our recommendations. 

In regard to disability there are two ex- 
tremes and a middle position. At one ex- 
treme is disability considered in terms of 
earning capacity. This is a perfectly clear- 
cut, consistent concept. I point out that in 
the case of hearing it leads to a very ex- 
treme result, because the kind of noise that 
will produce industrial hearing loss is a 
noise so loud that communication by hear- 
ing in that noise is practically impossible. 
Therefore the ways of doing the job, of 
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I am going to talk on the subject of dis- 
ability, and it is appropriate that this point 
should be on the program, because disability 
is what gives this problem of ours its prac- 
tical importance. 

Hearing loss is practically important to 
the man who is disabled. And it is practi- 
cally important to those who must perhaps 
pay compensation claims for the disability 
that has occurred. 

It is the potentiality of disability in the 
future that makes this concept again im- 
portant for the drawing up of codes and 
standards, and for the problems of criteria 
and of rules and of potential liabilities. 

Now, what is disability in our area of 
hearing? Well, now, that depends on where 
you live. And by this I mean that it is 
not something that is laid down as a scien- 
tific fact, like the law of gravity that is 
universal everywhere, but that disability is 
a matter of legislation. It is a matter, in 
other words, of an arbitrary rule which can 
be drawn one way in one state and another 
way in another state. And it actually is 
defined differently in the State of New York 
than in the State of Wisconsin; while in 
other states there simply ‘s no clearly de- 
fined decision as yet. 

Now, as otologists, as M.D.’s, we have 
been asked the question very much as it is 
phrased here in the program: ‘What is 
disability for hearing, and how is it meas- 
ured?”, as though it were something that is 
absolute, something about which we could 
reply with assurance as if it were like ask- 
ing, “What is the relation between the diam- 
eter and the circumference of a circle?” 

Disability of hearing isn’t so definite, and 


the best that science and medicine can do 
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is to draw logical consequences from the 
facts we have and say, “If you make such 
and such assumptions, then this will be the 
result.” But those initial assumptions and 
decisions must be made before we can de- 
rive methods of measuring disability. 

Now let’s look at disability a little more 
closely. Disability of what? Disability for 
what? The word itself simply says that you 
have got something that isn’t working right, 
and you can’t do something that either you 
could do before or at least might be ex- 
pected, on the average, to be able to do. 

Is disability to be measured in terms of 
earning power’ Is it disability for hear- 
ing some of those sounds which are nor- 
mally audible to most people? Is it inability 
to understand speech which is spoken per- 
fectly? Is it inability to understand speech 
which is spoken sloppily and imperfectly, 
as most everyday speech actually is? 

These are things we need to know, and 
the answers are not scientific decisions. This 
is my point: They are legislative decisions. 
They are judicial decisions. If there is no 
iaw about it, it may be decided by legal 
precedent on the basis of whatever legal 
statute is found by the court to be appli- 
cable, 

Also, another thing that is of no con- 
cern to the scientist or doctor, although it 
may concern him as a citizen, is, “What 
is the amount of award? What is the dollar 
value for disability ?” 

The dollar value enters in various direct 
and indirect ways. In fact now most of the 
discussion about disability of hearing is on 
this point, But this is a completely arbitrary 
decision that is arrived at usually by more 
or less explicit processes of bargaining. | 
believe that the number of dollars that 
should be paid for a total disability of any 
particular function such as hearing is a 
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working in this situation, have been evolved 
and had to be evolved in such a way that they 
did not depend on hearing. Therefore, 
such a person losing his hearing does not lose 
his earning capacity. He can still continue to 
work in the noise, because in the noise his 
hearing didn’t do him any good, anyway. 

Well, this is one of the situations that 
made it just too bad, and I think it was a 
matter of social judgment, that intangible 
trend of the times, that made this situation 
unacceptable. 

At the other extreme we have the con- 
cept that any change for the worse, any- 
thing that I used to be able to do that | 
can’t do now since | have been working on 
this job, is something that has been taken 
away from me, and | therefore deserve rec- 
ompense. 

This is an anatomical sort of concept that 
anything in the nature of bodily injury must 
automatically, ipso facto, be compensated. 

Well, it is just as extreme on the other 
side, because we have in many of our func- 
tions, and even in our anatomy, large mar- 
gins of safety. We can cut off a good deal 
in the way of fingernails and they will 
regrow. That is one thing. But let’s take 
something more permanent than that. Take 
the lobe of the ear, here. That can be cut 
off and it is not going to be anything 
serious in a practical functional way. It 
may not look quite so nice, but this I would 
say is relatively inconsequential; neverthe- 
less it is a definite anatomical injury. 

We can’t look inside the ear to see how 
many of those hair cells that Dr. House 
told you about have been injured and have 
died because of the noise exposure. So our 
thinking moves from there to the audio- 
gram, that is, to the measurement of the 
ability to hear, and what I call an anatomical 
concept is applied to the audiogram, to the 
hearing of frequencies. It is expressed in 
the notion that if I can’t hear as well at a 
frequency of 8000 or 12,000 or 16,000 as 
I once did it represents to me some kind 
of loss of hearing. 
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Well when we try to work out some kind 
of rule for this, does this mean that every 
octave is equally important? And is every 
decibel, including the decibel way down at 
the threshhold of hearing, as important as 
a decibel in the middle of the range when 
we already have lost a good deal of sensi- 
tivity? 

The committee of the A. M. A. and 
A, A. O. O. recognized very early in its 
deliberations that some frequencies are 
more important than others, and that in the 
middle of the decibel range, going from 
where you can just understand speech to 
where you just can’t, a very few decibels 
are particularly important. Remember that 
demonstration that Dr. House gave you 
just an hour or so ago. It didn’t make 
much difference in your understanding of 
the speech when the first drop in sensitivity 
was brought about by giving you the equiv- 
alent of a 20 db. hearing loss, but the next 
step of 5 or 10, whichever it was, became 
critical. Maybe you could, maybe you 
couldn’t understand it after that. In other 
words, 10 db. right there was vastly more 
important that 10 db. of extreme sensitivity. 

The middle ground that I want to sug- 
gest and that the committee adopted, was 
that the important thing is ability to under- 
stand everyday speech under everyday con- 
ditions. Speech is by far the most 
important thing that we listen to; it makes 
a difference to us in a practical way, off 
the job and on the job. 

This was the basic assumption made in 
drawing up the recommendations of that 
committee, and many of the specific propo- 
sitions, such as which frequencies are im- 
portant and which are less important, follow 
very directly from this concept. And grow- 
ing from this same consideration is also the 
idea of what has been called the high fence 
and the low fence in making rules for 
reckoning disability. Low fence means that 
a hearing loss is not disabling and does not 
become practically important, until _ it 
reaches a certain level in decibels. Up to 
15 db. of hearing level on the audiometer 


Vol. 16, Dec., 1957 


3 
ree 


DISABILITY AND ITS MEASUREMENT 


under everyday conditions does not give any 
significant handicap. But by the time you 
get to 20, yes, it is noticeable and does be- 
gin to be important. At the 30 db. level 
you are in trouble and you should be putting 
on a hearing aid or considering doing so. 

Now there is a limit in there somewhere, 
and that is where disability in this sense 
of a practical functional concept begins. 

And at the other extreme, an assumption 
that we made, and one which is in fact 
generally followed in these situations, is 
that we will reckon how well a person can 
hear without a hearing aid, that is, with- 
out a prosthesis. We will take him as he 
stands, and the matter of whether his hear- 
ing loss is of a type that makes it probable 
that he can benefit by a hearing aid or not 
is beside the point. If he can use a hearing 
aid, well and good ; that is his good fortune. 
Sut the disability is inherent in the man 
himself, and not in the possibility of using 
a prosthesis. 

And if we continue logically, it means 
that with a large hearing loss a man might 
still have some hearing left, but it doesn’t 
amount to much if he can only hear speech 
if whoever is speaking to him must come up 
and shout in his ear. Not many people are 
going to shout in his ear for very many 
minutes a day, and for practical purposes 
he is cut off and his practical hearing of 
speech ceases when he gets to that point. 
He can still hear a cannon, he can still hear 
some kind of alarm whistle going off close 
by, but practically he is disabled. 

Well, so it goes. From such basic as- 
sumptions as that which made hearing for 
everyday speech the basic criterion, we can 
arrive at certain rational deductions, based 
on experiments as to the relative importance 
of certain frequencies, and approximately 
where a high fence and where a low fence 
should be established, and we can thereby 
derive certain rules for going from pure- 
tone audiograms to a “per-cent disability.” 

Somebody else will have to tell us what 
the relative value of the second ear as op- 
posed to the first ear is going to be. This 
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is a tough one. Here we run into the whole 
question of “What is the value of a margin 
of safety?’ We have more than we need 
to begin with. Take away some of that. 
We still function perfectly, but our margin 
of safety has been reduced, Is that a dis- 
ability? Should that be compensable? | 
don’t know. That is a matter for legisla- 
tion. 


On the other hand, there is the concept of 
a bottleneck, where a very small fraction of 
an organ or system is vital. | think we all 
of us, when we see “The Merchant of 
Venice,” wonder where Shylock is going to 
take his pound of flesh. Where is he going 
to cut? That will make a difference. And 
if it is a matter of a spoonful of brains, 
there are certain places where you might 
help yourself and then have a hard time 
finding out later on whether the victim's 
brain power was any worse than before. 
But in other places the removal of a spoon- 


ful would be fatal. 


This is the concept of the bottleneck. We 
run into this kind of thing as soon as we 
face the question of functional disability. 
It may be verv different from the anatomi- 
cal concept. That is what I am getting at, 
and the audiogram is a reflection of the 
anatomical concept. 

I personally hope that as these decisions 
are made by legislators and commissions and 
others in authority the necessary and proper 
compromising, the pulling and hauling, the 
give and take, will take place in the strictly 
economic area and not in the medical and 
technical area. For example, it is completely 
arbitrary, from the medical point of view, 
what the payment for total disability should 
be or even the question of the value of the 
second ear or a margin of safety of some 
other sort. On the other hand, there should 
not be arbitrary decisions made about the 
value of different frequencies. That should 
be determined on the basis of a general 


principle on which everyone can agree in 
advance, such as the ability to understand 
everyday speech under everyday conditions. 
From this principle the importance of par- 
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ticular frequencies is something that can be 
determined ultimately by experiment, not 
just opinion. 

Natural laws can’t be changed by saying, 
“In this state the value of pi will not be 
3.1416 but will be 3.000.” You could pass a 


law, but it would leave everyone concerned 

in a very awkward position. That is not 

the place to agree, adjust, or compromise. 

The thing to adjust is the number of dol- 

lars to be paid for total disability of hearing. 
818 S. Kingshighway (10). 
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Teamwork Approach to the Noise Problem 


PAUL J. WHITAKER, M.D., Milwaukee 


Much has been written and said concern- 
ing the duties and responsibilities of the 
various members of the health team in 
conserving the hearing of the industrially 
employed. Little has been written or said, 
however, concerning the joint cooperative 
effort of the various members of the health 
team necessary for successful conservation 
of hearing. It is this teamwork approach on 
the part of the physician, the hygienist, the 
engineer, the supervisory management staff, 
and the personnel department which will be 
the subject of a considerable part of the 
following discussion. 

Since conservation of hearing is a medi- 
cal problem, the physician has many times 
been acclaimed the director of all in-plant 
activities pertaining to the program. A 
sober reflective view of the over-all prob- 
lem, however, reveals so many facets which 
he is either unfamiliar with or unable to 
control, that the teamwork approach be- 
comes the only logical solution of this 
many-sided problem. For example, the 
physician has neither the equipment nor the 
technical skills for measuring the noise 
hazard, yet accurate measurements of the 
intensity and character of the noise in the 
environment are essential to any successful 
conservation of hearing program. This 
facet of the over-all problem is properly 
turned over to the industrial hygienist, who, 
by his training and experience, is equipped 
to measure environmental hazards. 

Similarly, while the physician may under- 
stand the principles of noise control, he 
does not have the ability to adapt and apply 
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noise control measures to mechanical noise 
sources. This facet of the problem logically 
becomes the responsibility of the plant or 
safety engineer, who, by the very nature 
of his training and experience, is equipped 
to handle protective devices. 

Similar statements may be made about 
the physician and supervising management 
or the physician and the personnel manager. 

These statements do not imply nor are 
they intended to imply that the position of 
the physician on this team is subordinate 
to any other member of the team. Indeed, 
his advice and counsel will, undoubtedly, be 
sought by all other members of the team, 
and he may well serve as an_ unofficial 
leader or captain, but the responsibility for 
nonmedical facets of the program should 
rest with other proper professional or man- 
agement personnel. 

There are, however, many purely medical 
facets to the problem which are the sole 
responsibility of the in-plant medical de- 
partment. These include the measurement 
of hearing with its many attendant prob- 
lems, the evaluation of audiograms, recom- 
mendations for referral or job placement, 
the scheduling of reexaminations, and the 
fitting of ear plugs. 

Measurement of hearing has been dis- 
cussed many times, and time does not now 
permit a review of this phase of the con- 
servation of hearing program. It should 
be mentioned, however, that more than 
casual attention must be paid to the follow- 
ing matters: (1) the testing environment, 
particularly the ambient noise level; (2) the 
audiometer and its calibration; (3) the se- 
lection and training of testing personnel; 
(4) testing procedures; (5) records. 

Accurate audiometric examinations, both 
before noise exposure and at periodic inter- 
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vals during exposure, are the keystone to 
a successful hearing conservation program 
and are a medical responsibility which can- 
not be delegated to nonmedical personnel. 

A summary of pertinent observations and 
impressions gained in five and a half years 
of audiometric examinations in a large 
industry will, undoubtedly, be of more in- 
terest than a further recital of already 
published information about audiometry. 
During this period of time, we have per- 
formed 12,316 preplacement audiometric 
examinations and 9,949 periodic examina- 
tions, or a total of 22,265 examinations. 
We believe the following points based on 
this experience to have practical value in 
establishing or continuing a hearing con- 
servation program for industry: 

1. Audiograms should be performed in 
the industrial situation whenever possible 
rather than in a physician’s office. In-plant 
audiograms are cheaper, less time consum- 
ing, and, in the minds of the employees, 
more directly related to the hearing con- 
servation program. 


2. Fatigue on the part of the audiometric 
technician may lead to serious errors on 
the audiogram. When large numbers of 
people are to be examined, a_ frequent 
change of operators will reduce or eliminate 
the possibility of incorrect audiograms 
from this cause. We suggest a change of 
operating personnel at least once each hour. 

3. In our hands, audiometers have 
proved to be reliable instruments, requiring 
little maintenance and infrequent acoustical 
calibration. We suggest and routinely per- 
form daily biological calibration by per- 
forming audiograms on persons with known 
normal hearing and checking these audio- 
grams with their previous tests. The daily 
screening of all audiograms by the same 
person will also permit immediate recogni- 
tion of mechanical dysfunction or improper 
calibration of the audiometer through sud- 
den changes in the expected pattern of 
results. 

4. Many authors have emphasized the 
importance of performing recheck audio- 
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grams after a period of 24, 48, or even 72 
hours’ freedom from noise exposure. They 
suggest Monday morning, before starting 
work, as an ideal time for performing these 
examinations. The impracticality of this 
suggestion for our own program can be 
recognized at once on examining the num- 
bers of employees to be examined. At the 
present writing, we have more than 2000 
persons scheduled for periodic recheck au- 
diograms. With only 50 working Mondays 
during the year, we would need to perform 
in excess of 40 audiograms each Monday 
morning before the men start work. This 
is obviously impossible unless a large num- 
ber of testing stations and testing personnel 
are available. 

We have adopted the following approach 
to this problem and consider it a practical 
means of obtaining accurate recheck exam- 
inations. All recheck examinations are 
scheduled during the working day, the men 
being called off the job and sent directly 
to the hospital. Anyone who shows no 
audiometric changes beyond those on his 
preexposure audiogram is considered to 
have no additional permanent loss due to 
noise. Anyone who shows audiometric 
changes not present on his preexposure 
audiogram is rescheduled for an additional 
recheck examination on a Monday morning. 
When our Monday morning schedules be- 
come overcrowded, we ask the man to wear 
ear plugs for two weeks and then call him 
off the job during a working day and retest 
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Fig. 1—Audiogram of worker immediately after 
removal from job, showing both temporary and 
permanent noise-induced hearing loss. 
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Fig. 2.—Audiogram of same worker as in Figure 
1, taken at same time of day after temporary 
threshold shift has been eliminated by the wear- 
ing of ear plugs for two weeks. 


him at that time. We have several examples 
of how this procedure has apparently elimi- 
nated the temporary threshold shift and 
permitted us to schedule these people on 
a more realistic basis. Figure 1 is the au- 
diogram of a worker called off the job and 
shows an advanced hearing loss due to 
noise with no attempt made to eliminate 
the temporary threshold shift. Figure 2 is 
the audiogram of the same worker taken 
at the same time of day after the temporary 
threshold shift has been eliminated by the 
wearing of ear plugs for two weeks. 

The recent introduction of single fre- 
quency screening devices for recheck ex- 
aminations may prove extremely helpful in 
further solving this problem. This screen- 
ing device, because of the rapidity with 
which examinations can be performed, will 
permit the taking of many recheck exam- 
inations on a Monday morning. Since this 
screening examination can be performed in 
the presence of more background noise, the 
examination can be performed nearer the 
place of work, and still further time saving 
can be effected. We have not had sufficient 
experience with the instrument to recom- 
mend its routine use for recheck examina- 
tions but hope to gain this experience 
shortly so that we can shorten the recheck 
procedure and thereby speed up the entire 
program. 

5. Whenever possible, the physicians 
should have noise level studies at the time 
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Fig. 3.—Periodic audiometric examination form, 
showing identifying data and noise exposure. 


he evaluates the audiograms. A system of 
records which permits the recording of 
noise exposure and audiometric examina- 
tions on the same form is extremely helpful. 
An example of such a form is shown in 
Figure 3. On one side of a 5X8 in. card 
are the identifying data, a summary of the 
noise exposure, and a space for remarks. 
In this space, we insert such information 
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Fig. 4.—Periodic examination form 


showing 
space for 10 consecutive audiograms. 
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as the amount of hearing disability, as 
determined by our Wisconsin Workmen’s 
Compensation Act, the date that ear pro- 
tection was furnished, as well as the size 
of the plugs and any other pertinent obser- 
vation made by the physician, the technician, 
or the hygienist. On the reverse side, as 
shown in Figure 4, we have space for 
recording the findings of 10 audiometric 
examinations. The preplacement or pre- 
exposure audiogram is transcribed from the 
original examination record and is always 
listed first. Subsequent examinations are 
recorded as made. 

At the time any particular audiogram is 
being evaluated, all previous audiograms, 
as well as noise level studies, protective 
equipment provided, and any other perti- 
nent observations ever made, are at the 
immediate attention of the physician. If 
further environmental studies are desired, 
the original records from which the sum- 
mary on this card was made, are available. 

6. Securing the cooperation of the em- 
ployees in the matter of wearing ear de- 
fenders is perhaps the most difficult facet 
of the entire program. This requires a 
joint cooperative effort on the part of many 
management people, including the physician. 
Our own experiences in such a venture may 
prove of value to others contemplating such 
a program. 

Within the past year, a compulsory ear 
protection program for one of our foundry 
cleaning rooms was thought to be in order. 
We had been assured by the elected officers 
of our labor unions that there would be no 
organized resistance from those bodies. 
Each man was audiometrically tested and 
fitted with ear plugs at our hospital. At 
the time of the fitting, the importance of 
his wearing the plugs at all times was 
stressed. Educational meetings at which the 
importance of ear protection was stressed 
had previously been held with the imme- 
diate supervision. Despite all the prelimi- 
nary measures, a check several weeks after 
inauguration of the compulsory protective 
part of the program revealed only 10% 
of the men were actually wearing their 
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protective devices. Questions, comments, 
and criticisms from the men were directly 
solicited by the hygiene staff. The most 
frequent complaints were a feeling of full- 
ness in the head and inability to hear each 
other talk. All persons who complained of 
the fit of their plugs were returned to the 
hospital for refitting. Repeated persuasive 
efforts on the part of supervision, hygiene, 
safety, and medical personnel had little, if 
any, effect on the number of people actually 
wearing protection. 

Several months later, a survey of the 
cleaning room revealed almost complete 
coverage with ear protection. From con- 
versation with the men, it is apparent that 
they finally demonstrated to their own satis- 
faction, by trial usage over short periods 
of time, that the protectors afforded a de- 
gree of comfort which they appreciated. 
On two recent occasions, one of these men, 
with an external otitis of one ear, reported 
to our hospital. Both men, when asked to 
discontinue the use of one ear plug for 
several days, requested a substitute protec- 
tive device, explaining that they were un- 
comfortable without any protection. This 
was most gratifying after our previous 
experience. 

These are the only two cases of external 
otitis we have seen among our people who 
wear insert-type ear defenders. Whether 
these two cases are due to the use of plugs 
is debatable. In the past six years, how- 
ever, we have dispensed 2667 pairs of ear 
plugs, indicating an extremely low incidence 
rate even if these two cases were due to the 
wearing of the plugs. 

The expected useful life of ear plugs 
was one problem which confronted us early 
in our program. We guessed at an expected 
useful life of six months in our budgeting. 
We have had plugs returned to us after 
three months wear that were so deteriorated 
as to be useless. On the other hand, we 
have seen plugs which are still in good 
condition after one year’s wear. We believe 
that the proper care and cleaning of the 
plugs is the most important factor in pro- 
longing their useful life. Lost or mis- 
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placed plugs have not proved to be the 
serious problem we had anticipated. 

In another foundry cleaning room where 
no chipping operations took place, it was 
determined that a noise control program, 
rather than a protective equipment program, 
was in order. Since this program involved 
hygiene and engineering rather than medi- 
cal methods of control, this program will 
be covered in another paper. 


Whitaker 


Summary 


Five and a half years of audiometric 
study in a large industrial plant have been 
reviewed, and certain practical applications 
have been suggested. The teamwork ap- 
proach to the problem has been reviewed, 
and the necessity for such an approach 
emphasized. 

P. O. Box 512 (1). 


The Consulting Otologist’s Role in the Industrial 


Noise Problem 


MEYER S. FOX, M.D., Milwaukee 


The practicing otologist by virtue of his 
special training and his knowledge of the 
anatomy and physiology of the human ear 
and his everyday clinical experience with 
hearing problems is particularly suited to 
play a key role in industrial hearing con- 
servation programs. However, I wish to 
emphasize that it is important for the oto- 
laryngologist to interest and familiarize 
himself in all of the facets of the problem. 
These include the acoustical, socioeconomic, 
and industrial compensation, as well as the 
medical and medicolegal aspects of the prob- 
lem. 

As far back as 10 years ago the Health 
and Safety Division of the Allis-Chalmers 
Company became aware of the effects of 
hazardous noise upon the hearing of its 
workers and initiated an audiometric test- 
ing program. Later they established a hear- 
ing conservation program. Their experiences 
as well as their approach to the problem 
have been reported previously. | feel that 
those responsible for this type of leadership 
are to be congratulated for their far-sighted 
vision, Their program could well serve 
as a model approach for other industries 
whose recognition of the industrial noise 
problem has, unfortunately too often, been 
myopic or short-sighted. 

My experience with cases of occupational 
hearing loss has been primarily along prac- 
tical lines. During the past several years | 
have been actively engaged in conducting 
hearing conservation programs within in- 
dustry as a consultant to the medical staffs 
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and also as an otological consultant in the 
evaluation of industrial hearing loss claims. 
While I fully realize that many of the an- 
swers which we seek are still forthcoming, 
1 am sure that the audience will appreciate 
that the practicing otologist is required to 
make his studies and render his opinions 
now, based upon present findings and con- 
sistent with the best scientific information 
available. Therefore, I must rely upon prac- 
tical experience in the industrial field, my 
knowledge of the subject proper, and the 
findings in each particular case in order to 
render an opinion. 

Because of time limitation it will be im- 
possible to go into details regarding the 
otologist’s entire contribution to the indus- 
trial noise problem. Therefore, I shall con- 
fine my remarks to groups of specific cases 
which illustrate typical problems encoun- 
tered by Dr. Whitaker and his staff, and 
are characteristic of those cases referred to 
my Office. 

Generally speaking, the cases examined at 
my office fall into the following categories: 

1. Pre-employment hearing loss cases 

A. To determine the nature of the hearing 
loss 

B. To determine the value of medical and/or 
surgical treatment 

C. To determine the question of job place- 
ment 

D. To establish the validity of records 

Il. Workers showing sudden or progressive hear- 

ing loss during employment 

A. To determine the cause 

B. To determine the question of treatment 

C. To determine the question of added ear- 
protective measures 

D. To determine advisability of job transfer 
away from noise 

E. To establish the validity of records 
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III. Cases of industrial hearing loss claims 
A. Traumatic cases: These include hearing 
losses resulting from: (1) blows to the 
head and ears; (2) local ear injury due 
to foreign objects and burns 
B. Acoustic trauma: The immediate hearing 
loss produced by one or a few exposures 
to intense sounds such 
plosions 
. Noise-induced hearing loss: The gradual 
loss of hearing, always of the nerve type, 
that develops over a period of months or 
years of working in an environment of 
hazardous noise levels 
Cases in Group III are examined in order 
to determine 


as blasts or ex- 


1. Extent and degree of hearing loss if any 
2. Cause of hearing loss 
3. Whether or not treatment is indicated 
4. Percentage of permanent hearing disable- 
ment that is present under the schedule of 
the Industrial Compensation Act of Wis- 
consin 
When workers are referred to my office, 
items pertaining to the occupational, mili- 
tary, and medical history, as well as the 
results of the otological examination, are 
obtained. The hearing studies which are 
made include the following: 
1. Observation on the part of the examiner as 
to how the worker gets along during the 
interview, his ability to hear the examiner, 
and the quality of the worker’s voice 
2. Pure-tone air conduction and bone-conduction 
threshold audiograms 
3. Tuning-fork tests 
4. Speech audiometry: Speech reception thresh- 
old for spondee words and speech discrimina- 
tion scores for PB words determined 
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Fig. 1—Total hearing loss in one ear—shadow 
curve. 
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Fig. 2.—Hearing loss following military service. 


The hearing studies may be repeated on 
several visits, and malingering tests are 
performed if necessary, in order that the 
examiner may be satisfied that the audio- 
metric results obtained accurately express 
the worker’s hearing ability. Where indi- 
cated vestibular tests are performed. 

The following audiograms and _ records 
taken from actual cases are representative 
of some of the various types of problems 
and situations the otologist is called upon 
to evaluate. 


I. Hearing loss found at preemployment ex- 


amination 
1. Total loss on one ear (shadow curve) 
(Fig. 1) 
2. Hearing loss following military service 
(Fig. 2) 
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Fig. 3.—Hearing loss due to otosclerosis. 
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Fig. 4.—Hearing loss due to chronic otitis media. Fig. 5.—Hearing loss due to previous noise 
exposure. 
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Fig. 6.—Examples of noise- 


induced hearing loss. 
t 
| MODERATE 
+ 
| 
| seve 
| j 


Founphy 


125 250 $00 1000-2000 4000 MELOFR 47 
-10 -10 
125 280 2000 8000 BOO 
10 = 10 
20 20 Hormal 
30 10 a 10 
ue 20 S 20 
60 60 | | 
WE = 50 $ 50 
70 7 
90 | 
80 
100 100 
Freovency 1500 3000 6000 12,000 ies 
of SLIGHT Din 100 100 
HEARING LT. EAR, ight | Left Freovency 1500 3000 6000 12,000 
For pAays.| 0 x PRRING - | SapcwvRE 
Red | Blue eRviTMeAT Ht 
LT. WiTH BOWE Commu eTiow. v BEAR) Re 
"0 x MENIERE'S Drs 
Fig. 7.—Case of sudden severe hearing loss. = 
Probably due to vascular accident of inner ear. Fig. 8—Case of Méniére’s disease. 


466 Vol. 16, Dec., 1957 


EARLY LOSS | 
Speech zone not involved 
: ker 


CONSULTING OTOLOGIST AND NOISE PROBLEM 


f 
= a JULY, 1955+ RT, EAR WASHED FOR WAX, 
TRAUM, PERF, DRAINAGE FOLLOWED, 
SEPT., 1955+ PERF.c DRAINAGE, 
| TREATMENT CAUTERIZATION FOR CLOSURE, 
AUDIOGRAM 9-7-55 
ae . ys 250 500 1000 2000 3000 4000 6000 8000 
1 < RT, 40 40 50 30 70 65 SO 
Freovency 1500 3000 = 6000-12, 000 iy. § 0 0 45 45 50 50 30 
M0 0 0 40 40 55 50 35 
Fig. 9.—Aggravation of previous hearing loss. Fig. 10.—Case of perforation of eardrum by 
due to noise exposure. Irrigation. 


WELDER 37 12/54 


125-280 0020002000200 _ 8000 
*>--4 
3 2 30 
3 
t 7 
2 & | | 4 
= T + so 
«6 | 4 | 
70 + : 7 
80 a0 
100 100 
Freovency 1500 3000 6000 12.000 
11 —Hearing pes to noise exposure. Fig. 12—Hearing loss due to blast injury. 
Test case in Wisconsin. 
FORGE WORKER 26 
on! aa 4 OCT. ‘<5 HOT SLAG IN RT, EAR, 
EAR HAS BEEN DRAINING ON AND OFF, 
E-N-T: LARGE PERFORATION OF RIGHT 
3 EAR DRUM WITH DRAINAGE. 
S...a ey see 50 250 500 1000 2000 3000 4000 6000 8000 
= 0 5 15 3s & 
pi AUDIOGRAM: 2/1948 
RT. 35 35 45 SS 65 65 
Freevency 1800 6000 17,000", AUDIOGRAM: 9/1956 
RT. 50 50 60 60 70 9 90 
CHRONIC OTITIS MEDIA COMPLICATING TRAUMATIC 
RIGAT CAR WITH MASKING, WOISE BOK, TUBE, INJURY, AWARD FOR HEARING LOSS & TREATMENT. 
Fig. 13—Traumatic hearing loss resulting from Fig. 14—Traumatic hearing loss due to burn 
skull fracture. and infection of eardrum and middle ear. 


Fox : 467 


| A. M. A, ARCHIVES OF INDUSTRIAL HEALTH 


3. Hearing loss due to otosclerosis (Fig. 3) 
4. Hearing loss due to chronic otitis media 
(Fig. 4) 


5. Hearing loss due to previous noise ex- { 


posure (Fig. 5) 
Il. Worker showing sudden or progressive hear- 
ing loss during employment 

6. Examples of noise induced hearing loss 
(Fig. 6) 

7. Case of sudden severe hearing loss, prob- 
ably due to vascular accident of inner ear 
(Fig. 7) 

8. Case of Méniére’s disease (Fig. 8) 

9. Aggravation of previous hearing loss due 
to noise exposure (Fig. 9) 

10. Case of perforation of eardrum by ir- 
rigation (Fig. 10) 

Ill. Medical-legal claims for occupational hearing 

loss 

11. Hearing loss due to noise;exposure: test 
case in Wisconsin (Fig. 11) 
Hearing loss due to blast injury (Fig. 12) 

13. Traumatic hearing loss resulting from 
skull fracture ( Fig. 13) 

14. Traumatic hearing loss due to burn and 
infection of ear drum and middle ear 


(Fig. 14) 


Summary 


In working with the Allis-Chalmers Com- 
pany group I have been fortunate to ob- 
tain from their Health and Safety Division 
detailed information as to the employee's 
past occupational and military noise-expo- 
sure as well as important items pertaining 
to the medical history. In addition, copies 


of previously made audiograms have been 
furnished. I have found that this informa- 
tion, combined with a careful history taken 
at the office, along with thorough otological 
and hearing examinations, has enabled me to 
arrive at sound conclusions in most of these 
cases. 

During the past few years over 550 
claims for occupational hearing loss have 
been filed in the state of Wisconsin. In 
addition, many traumatic hearing 
claims have occurred. Unfortunately, the 
desired cooperation and information ob- 
tained from the Allis-Chalmers Company 
was, in the great majority of other com- 
panies, found wanting. This lack of co- 
operation and information can be attributed 
primarily to unpreparedness and secondarily 
to indifference. Like the ostrich, many in- 
dustrial plants merely buried their heads in 
the sand and waited to see what would 
happen. Well, it happened. 

It is obvious from the foregoing that with 
proper pre-employment hearing examina- 
tions, periodic rechecks, and the cooperation 
of the consulting otologist with the industrial 
team much can be done to prevent and 
minimize noise-induced 


loss 


hearing loss in 
workers, At the same time, these measures 
will tend to reduce the economic loss to 
employers. 
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The Industrial Hygienist’s Part in the Solution of 
the Industrial Noise Problem 


WALTER F. SCHOLTZ, Milwaukee 


In the fall of 1947, Drs. Grove and Tolan 
contacted an executive of our Company to 
explain that industrial hearing loss would 
become one of the new occupational prob- 
lems. They also asked if our Company 
would be willing to cooperate with the 
Subcommittee on Noise in Industry to study 
occupational hearing loss. Dr. Grove was 
then the chairman of the Subcommittee on 
Noise in Industry of the Committee on 
Conservation of Hearing of the American 
Academy of Ophthalmology and Otolaryn- 
gology. Our management expressed an in- 
terest and agreed to cooperate, and asked 
the hygiene section of the Safety Services 
Department to work with the various per- 
sons concerned, 

Since we knew little about industrial noise 
problems we relied on Dr. Grove for guid- 
ance in starting a program for Allis-Chal- 
mers. During the time we were formulating 
a program our Compensation Department 
referred one of our employees to Dr. Grove 
for an opinion relative to his alleged hear- 
ing loss. To the best of our knowledge this 
was the first claim for an occupational 
hearing loss filed against our Company. 

As a point of information I should like 
to quote the last lines of Dr. Grove’s letter 
to us relative to an opinion in this case. 

I will try to ascertain, if possible, the cause of 
this man’s hearing impairment, but in the absence 
of pre-employment audiograms the burden of 


proof will, of course, lie on the employer to prove 
that his hearing loss was not due to the elements 


Received for publication Sept. 12, 1957. 

Supervisor of Industrial Hygiene, Allis-Chal- 
mers Manufacturing Company. 

Presented as part of a panel discussion, “Team- 
work Solution of the Industrial Noise Problem,” 
at the 17th Annual Congress on Industrial Health, 
Los Angeles, Feb. 6, 1957. 


of his employment. As indicated previously, cases 
of this type are just beginning and without a 
question are going to multiply as soon as a reces- 
sion in employment takes place. 

Coincidentally, a week after we had this 
reply another man was referred to him who 
alleged difficulty in hearing because of an 
airplane flight. 

By this time, the team began to grow in 
size. We now had the hygienist, Compen- 
sation Department, Legal Department, and 
the Medical Department involved. 

Since Dr. Grove was interested in indus- 
trial noise exposures a rogram 
was undertaken, and, accordingly, he and | 
made many trips into the shop with a 
borrowed sound-level meter, taking read- 
ings at locations where the noise seemed 
loud to us. 

This was the start of the teamwork ap- 
proach to our hearing conservation program. 
On the basis of these preliminary checks 
we learned that we had a noise problem in 
our plant; also, that management had to be 
informed as to the following: 

How much noise there is in the plant and where 

it 1s 

What could be done about it ? 

Potential compensation costs 

Cost of equipment needed to start a hearing 

conservation program 

Personnel needed to maintain the program 

With all these facts in mind, we presented 
a proposed hearing conservation program 
and a request for expenditures to our man- 
agement in the early spring of 1948. Since 
our management had a great interest in 
hearing conservation they unanimously ap- 
proved the program and provided the neces- 
sary expenditures. 

By August of 1948 our program was 
under way. As we proceeded with the pro- 
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gram we learned that two types of instru- 
ments were needed at our plant: 


1. A sound level meter to measure the over-all 
sound 


2. An octave-band analyzer to tell us what type 
of noise we have 


As we proceeded with the program we 
learned that we were not getting sufficient 
data on peak noise and that another instru- 
ment was needed, namely, a peak meter. 
Some of the peak noise that you can meas- 
ure with a meter of this type is found at 
punch presses, drop hammers, riveting and 
chipping operations, etc. 

The average cost for the three instru- 
ments is somewhere between $1200 and 
$1400. 

It should be pointed out that for the 
smaller plants it may not always be practi- 
cal to purchase these instruments ; also, that 
trained personnel are not always available 
within the plant. In these cases the safety 
director, the plant nurse, or some other 
qualified person within the plant may have 
to be trained in this field. There are also 
the services of private consultants, the in- 
surance carrier, the public health service, or 
the hygiene department of most states. 

Reference literature on noise is available 
through such organizations as the Indus- 
trial Hygiene Foundation, Pittsburgh; the 
American Foundrymen’s Society, Chicago, 
and the Industrial Hygiene Association, 
Detroit. 

Instruments such as an oscilloscope, tape 
recorder, and narrow-band analyzers are 
also available; however, we feel that these 
instruments are primarily laboratory in- 
struments and generally not needed in the 
average industrial plant. 

All equipment used in making noise 
studies employs delicate electronic compo- 
nents, and, hence, they must be handled 
with care, and at no time should they 
be shipped via public transportation. When 
we travel from one plant to the other, this 
equipment is personally carried by the one 
who is going to make the survey. 
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We have also found it necessary to cali- 
brate the instruments before each survey is 
made, Since the instruments are battery 
operated, a spare set of batteries should be 
available at all times, We have found that 
the life of the batteries varies greatly and 
that there is no way of knowing when the 
batteries will go dead. 


Techniques of the Survey 


Time does not permit me to go into the 
details on noise measurement techniques. 
Since they are standard and well established, 
I refer you to the following publications: 

1. “Handbook of Noise Measurement” by 
A. P. G. Peterson and Leo L. Beranek, pub- 
lished by the General Radio Company, 
Cambridge, Mass, 1953. 

“Acoustic Measurements” by Leo L. Beranek, 

published by John Wiley & Sons, Inc., New 

York, 1949. 

3. “The Measurement of Industrial Noise” by 
George L. Bonvallet, published in the Amer- 
ican Industrial Hygiene Association Quar- 
terly Vol. 13, 1952, pp. 136-157. 

4. “Instrumentation and Techniques for Meas- 


to 


urement and Evaluation of Industrial 
Noise” by Daniel B. Calloway, physicist, 
Armour Research Foundation of Illinois 


Institute of Technology, published in Pro- 
ceedings of the Second Annual Noise Abate- 
ment Symposium, Chicago, 1951, p. 64. 

It should be emphasized that when setting 
up a hearing conservation program you 
should establish techniques for your own 
technicians and insist thet they be followed 
at all times. The main points to remember 
are that an accurate record be kept as to 
where readings are taken, under what condi- 
tions, and at what time. When this is done, 
another person can go into the area and 
make rechecks in the same manner as has 
previously been done. 

Our initial survey of the entire plant 
took one man, working eight hours a day, 
over six weeks to complete. This survey 
included the number of employees who were 
exposed to the various noise levels. An 
interesting figure that we found in this 
survey was that 8% of our employees are 
exposed to noise over 95 db., broad band 
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Fig. 1.—Octave band analysis sheet. 


or flat spectrum. Our total employment at 
the time the survey was made was approxi- 
mately 18,000; the plant covers approxi- 
mately 165 acres. This 
include an octave band analysis. 


survey did not 


Octave Band Analysis 


An octave band analysis of the noise in 
the shop should be made; however, this is 
not always practical. To date, we have 
made octave band analyses only at opera- 
tions where we felt the noise was unusually 
loud and at the request of doctors for use 
in evaluating the audiometric change of an 
employee. 

Our and 
product departments, have also requested 


noise abatement committees 


octave band analyses. 


Surveys 


Wherever possible we try to measure the 
noise level as close to the ear as possible. 
This generally is within a radius of 6 in. 
from the ear. This we call the hearing zone 
and in our survey reports it is designated 


Scholtz 


as H. Z. The noise level in the general 
work area is measured within a radius of 
5 ft. from the employees. In our survey re- 
ports it is designated as G. A., meaning 
general area. 

It is difficult at times to 
noise within 6 in. 


measure the 
of the ear because the 
employee is constantly moving around on 
his job. In this case we measure as close to 
the ear as conditions permit. We also have 
the problem of the foreman, moveman, 
craneman, hitcher, truck driver, etc., whose 
work takes them over a wide area in the 
shop. In many of these cases we have to 
follow them for the entire day to get their 
average noise level exposure. 

When evaluating the noise level in the 
general work area there are noises from 
other sources which must be taken into con- 
sideration. These usually are foreman call 
horns or whistles (auto-call), air-operated 
hand tools, impact wrenches, and pounding 
on metal surfaces. Most of the time they 
are intermittent noises and of short dura- 
tion. In these cases we report the highest 
noise within a 5 ft. radius of the employee 
and the total time each intermittent opera- 
tion is performed during the work day. 

We have found that shop noise condi- 
tions change frequently, and it is difficult to 
keep up-to-date records of these changes. 
Furthermore, employees do not remember 
what the conditions were in the past. Thus, 
a noise investigation for an individual un- 
der these conditions requires a considerable 
amount of work in the shop. 


Deteber 10, 
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Fig. 2.—Noise level survey sheet. 
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WEST ALLIS, WISCONSIN 


TYPE OF CASE: NOISE 


I. GENERAL INFORMATION 
1. Nome, sge, depertment, etc. 
2. Alleged dste of compleint or onset. 
II. PREVIOUS WORK HISTORY - Other then Allis-Chselmers 
Employer - job sssignment end deste. 
2. Brief description of esch job. 
3. Type = ee used, end length of 
kh. Type of other activity eround job. 


III. PRESENT WORK HISTORY 
1. Complete description of #11 jobs st Allis-Chelmers, 


or hi 


2. Type of other sctivity sround job. 

3. Eer protection used - type. 

4. Sound level reedings end octeve bend enslysis. 
IV. MEDICAL HISTORY 


1. This is furnished by the Allis-Chelmers Medical De- 
pertment. 


Vv. SUMMARY OF KEYPOINTS 
VI. RECOMMENDATION OR CORRECTIVE USE ADOPTED 


Fig. 3.—Outline of work investigation. 


A complete investigation for an alleged 
for man may take as 
long as three weeks. Most of the noise 
investigations that we have made for the 
doctors averaged from 8 to 10 pages of 
single-spaced, typewritten facts, plus 8 to 10 
band analyses. 

Another point that I should like to make 
is that we feel it is desirable for the doctor 
to have the noise level exposure in the shops 
and a work investigation at the time he is 
evaluating the employee’s audiogram. 


hearing loss one 


octave 


If one of our employees is sent to a doctor 
outside of the plant for an examination, we 
call that doctor and inform him that a work 
investigation is being made and approxi- 
mately when it will be completed. The value 
of this type of report will be discussed by 
Dr. Fox, the next speaker. 

Since we have been doing approximately 
85 investigations a month for Dr. Whit- 
aker on personnel with some type of 
audiometric change, a simplified work in- 
vestigation form has been developed. 

This card (Fig. 4) shows the date the 
reading was taken, average decibels, highest 
decibels, time and operation the employee is 
exposed to on his present job. This informa- 
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Fig. 4—Work investigation card. 

tion is sent to the Medical Departraent. The 
highlights of this investigation are trans- 
ferred to the front of the periodic audio- 
gram card. 

When Dr. Whitaker evaluates the audio- 
gram of an employee on the periodic re- 
check program he checks the front of the 
card to see what the noise exposure of the 
employee is. If he desires more informa- 
tion he then refers to the information on 
the original work investigation card. It 
takes approximately one-half hour to get 
the information needed by the doctor 
these types of cases. 


for 
However, if there is 
a noticeable change in the audiograms, Dr. 
Whitaker may request an octave band anal- 
ysis and a more detailed work investigation. 


Transfer of Employees 
not transferred an em- 


ployee because of an occupational hearing 
loss. For persons with this type of loss we 


To date we have 


have provided ear protection. We found 
that a close check must be kept on these 
= : | | 
Dept 3160 6-28-56 | 4 ine ro- 
| 


T+ 5-56 Eer protection requested, Dr. P. 
Whitesker issued | | | 

7-15-56 = Eer plugs being worn - W. F. | 
Scholtz | 


_ Fig. 5.—Front of periodic audiometric examina- 
tion card. 


Vol. 16, Dec., 1957 


ALLIS-CHALMERS MANUFACTURING COMPANY 
| — 
| 


INDUSTRIAL HYGIENIST AND NOISE PROBLEM 


8/818 888 
Wiser 203040 5065 Stark 
PE 253035 b mor 
2030 Ho 48: b0 5S 6S Sirk 
WAS’ 253035 $0 5S6555 bo 
35.2535 534965 $5 bo 
wis 25 3040 SS hobo b 


Fig. 6.- 
tion card. 


Back of periodic audiometric examina- 


people in order to protect their hearing, as 
there are frequent transfers because of 
changes in job classifications or for personal 
reasons. In order for us to be sure that 
these people are adequately protected at all 
times, their job and location is checked 
every 30 days by the personnel of the Hy- 
giene Section. 


Noise Abatement 


The reduction of noise and noise control 
measures are also a team venture wherein 
the plant engineer, the doctor, and the hy- 
gienist play an important part. In other 
words: The doctor and the hygienist decide 
at what level noise may cause a hearing 
loss. The hygienist evaluates the noise in 
the shops and institutes noise abatement 
measures, sees to it that proper ear protec- 
tion is provided, and also is responsible for 
informing all parties concerned in regard 
to the basic fundamentals of noise and noise 


Scholtz 


abatement. The engineer designs noise 
abatement devices for the physical prop- 
erties of the building and equipment in 
accordance with the recommendations estab- 
lished by the Hygiene Section. 

In 1948, when we started to do noise 
abatement work, we had no standards to 
go by. On the advice of Dr. Grove we 
accepted 90 db. for the broad band or flat 
spectrum noise. This we soun found was 
rather low and involved so many people 
that it would be an impractical starting 
point, Accordingly, we adopted 95 db. for 
broad band or flat spectrum noise as a start- 
ing point for our noise abatement work, 
realizing that we would have to change when 
authoritative standards were established. 

Dr. Whitaker in his paper stated that we 
have two foundry cleaning rooms where 
different approaches were used to protect 
the employees’ hearing. 

One was through the use of ear protec- 
tion and the other through noise abatement 
measures. Very briefly, I should like to tell 
you about the abatement measures 
which the management of our La Crosse 
works took in their foundry cleaning room 
published in the March issue of Modern 
Castings (“Noise Control for $2611.22,” 
which is available through the American 
Foundrymen’s Society, Des Plaines, IIl.). 


noise 


The room where noise abatement meas- 
ures were taken is 4070 ft., with a roof 
coming to a peak 30 ft. over the center of 
the building. The walls are brick and tile, 
and a cement flcor covers most of the area, 
with some brick and wood blocks in 
center, The ceiling is asbestos tile. 


the 


The first step was to mount all the tumble 
barrels, grinders, and wheel abrators on 5 
in.-thick treated acoustical pads. The tumble 
barrels were coated with a ™% in. coat of 
mastic, which is the same as that used to 
undercoat automobiles. A wood liner was 
placed inside the hopper of the wheel abrator 
to deaden the sound when castings were 
tossed into it. Felt pads were placed under 
all the steadyrests on the grinders. The 
bottoms of the skid boxes were coated with 
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in. mastic. Mastic-coated wooden bar- 
riers were placed in front of the tumble 
barrels. Fiber glass baffles were hung on 
wires approximately 8 ft. above the floor. 


All this contributed to reducing the noise 
from the various sources in a 300 to 600 cps 
band from 94 to 82 db. and in the 600 to 
1200 cps octave band from 99 to 82 db. 
The total cost of this work was approxi- 
mately $3000. 

It was interesting to note that before 
noise abatement we had trouble getting em- 
ployees to work in this area because of the 
noise. Transfers from the department were 
frequent. Now it is the reverse. People 
want to work in the area, and there are 
practically no requests for transfers. This 
just goes to show that through noise abate- 
ment measures you not only make a desir- 
able work environment, but also reduce the 
potential audiometric changes among the 
employees. 
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Summary 


In this discussion | covered the high- 
lights of the doctor-hygienist phase as it 
relates to the noise problem. There are 
many other points that could be covered in 
this presentation, but time does not permit 
it. Briefly they would be as follows: 


The selection of adequate ear protection, check- 
ing on their use and cleaning, 

Providing information on noise to the employees, 
supervisors, management, and doctor, 

Providing technical information and data in 
regard to shop noise to noise abatement per- 
sonnel 

Keeping in touch with management in regard 
to new installations, 
and processes 


changes of equipment, 

In brief, the hygienist has the responsi- 
bility of gathering the facts and using his 
technical experience, on a cooperative basis, 
in executing a hearing conservation pro- 
gram. 


Allis-Chalmers Manufacturing Company. 
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Acute Toxicity of Yttrium, Lanthanum, and Other 


Rare Earths 


GRANVIL C. KYKER, Ph.D., and EDGAR A. CRESS, B.S., Oak Ridge, Tenn. 


Introduction 


Available information on the toxicity of 
rare earths is limited and is inadequate for 
the increasing emphasis on current in- 
dustrial '* and medical * application of these 
elements. A recent report by Cochran *® and 
collaborators another current 
studies by Graca and co-workers ® contain 
most of the published measurements. 
Various other workers *' have contributed 


and from 


a few measurements. A summary of the 
scattered that no results are 
available for 10 elements in the lanthanide 
series. Results on the other five lanthanons 
and on yttrium represent a variety of ex- 
perimental conditions, which include differ- 
ent compounds, different species of animals, 
and different routes of administration. 
Additional measurements of toxicity be- 
came necessary for the experimental use of 
certain rare-earth carriers with radioisotopes 
of medical interest. 


data shows 


The acute intraperi- 
toneal toxicity of yttrium in rats and in 
mice and the intraperitoneal toxicity of 
lanthanum in rats were studied. After in- 
travenous administration in rats, the toxicity 
of yttrium, lanthanum, cerium, praseodym- 
ium, neodymium, and a commercial mixture 
of rare earths was observed. 


Preliminary 
observations on 


gadolinium, 
holmium, and lutetium were also included. 


intravenous 


Methods and Material 


The stock solutions for intraperitoneal use con- 
tained 60 mg. of yttrium or lanthanum per milliliter 
as the chloride. Each was prepared quantitatively 


Accepted for publication May 9, 1957. 

From the Medical Division, Oak Ridge Institute 
of Nuclear Studies, Oak Ridge, Tenn., under con- 
tract with the United States Atomic Energy Com- 
mission, 


from the corresponding oxide.* They also con- 
tained a minimum excess of hydrochloric acid 
(approximately 1.510°M, pH 4.5 to 5.0) to avoid 
instability and precipitation of the insoluble’ hy- 
droxide. Both solutions were necessarily hyper- 
tonic to avoid the injection of large volumes. 

The solutions for 
concentrated. 


intravenous use were less 
They were similarly prepared from 
the oxides * of lanthanum, cerium, praseodymium, 
neodymium, gadolinium, holmium, lutetium, yttrium, 
and a crude commercial mixture of rare earths 
and contained from 1 to 20 mg. of the element per 
milliliter. Most of 
than 5 mg. of rare earth per milliliter and con- 
tained sufficient additional sodium chloride to make 
them isotonic. 


these solutions contained less 


The few exceptions occurred only 
for the largest doses of gadolinium, holmium, and 
lutetium. The highest concentration of rare earth 
among these exceptions was 2.5 times isotonic. 

The intraperitoneal toxicity of yttrium and of 
lanthanum was measured in 240 Wistar rats. Young 
adult male and female animals were used. The 
average weights were 305 gm. and 211 gm., re- 
spectively. The measurements with yttrium in- 
cluded eight groups of 20 rats each that received 
0, 12.5, 25, 37.5, 50, 75, 150, and 300 mg. per kilo- 
gram. All injections were made slowly (two to 
three minutes) during ether anesthesia. One group, 
injected with isotonic saline, served as controls. 
The same conditions applied to the measurements 


* The source and purity indicated for each of the 
rare earth oxides is listed as follows: (1) Fair- 
mount Chemical Co. Inc., Newark 5, N. J.: 
lanthanum oxide, 99% ; praseodymium oxide, 99% ; 
neodymium oxide, 99%. (2) Research Chemicals, 
Inc., P. O. Box 431, Burbank, Calif.: cerium 
oxide, 99.8%; gadolinium oxide, 99.8%; yttrium 
oxide, 99%. (3) Dr. F. H. Spedding, Director, 
Ames Laboratory, United States Atomic Energy 
Commission, Ames, lowa: holmium oxide, 99.9% ; 
lutetium oxide, 99.9%. (4) Lindsay Chemical 
Company, West Chicago, Ill.: Code 340, a com- 
mercial product containing 94% mixed rare earths 
(relative percentages, La, 24; Ce, 48; Pr, 6; Nd, 
19; Sm, 2; Gd, 0.5; Y and yttrium earths, 0.2, 
and other rare earths, 0.3) and 6% of miscellaneous 
components including mainly Ca, Mg, Fe, Al, sul- 
fate, phosphate, and traces of Na, Si, and Th. 
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with lanthanum, except that only four groups of 
animals were used. These groups received 0, 75, 
150, and 300 mg. of lanthanum per kilogram of 
body weight. The injected animals were given 
water and Rockland rat ration ad libitum and were 
maintained in an air-conditioned colony room. They 
were observed frequently at first and then at daily 
intervals for six months. The time and weight at 
death were recorded, 

The intraperitoneal toxicity of yttrium was 
measured in 100 young adult mice. The random 
selection of animals included male and female 
Balb/c and CAF; mice with an average weight of 
21 gm. They were divided into eight groups that 
received doses of yttrium ranging from 12.5 to 
300 mg. per kilogram in a pattern identical with 
that described for the rats. 

The L. D.so values at 10 days and at 30 days 
were determined by the log-probability method of 
Litchfield and Wilcoxon.* 

The intravenous toxicity of nine rare earths 
was studied in 360 rats. The injections were made 
into the tail vein of adult male rats that had an 
average weight of 270 gm. The numbers of rats 
in the various groups that received one of the ele- 
ments are recorded in Table 2. The injected animals 
were observed for 21 days, and the deaths were 
recorded as they occurred. 


Results 


The results of the single-dose intra- 
peritoneal experiments are presented in 
Table 1. The L. D.5o at 10 days of yttrium 
in rats and mice and of lanthanum in rats 
is expressed as milligrams of the element 
per kilogram of the body weight. The 
L. D.so values at 30 days were also de- 
termined but were not significantly different 
from the 10-day values. The precentage of 
deaths during 0 to 10 days, 10 to 30 days, 
and after 30 days was about the same for 
both rats and mice and averaged 45, 5, and 5 
respectively. Roughly 45% of all of the 
animals survived the period of experimental 


TABLE 1.—The Toxicity of Yttrium and Lanthanum 
in Rats and Mice (Intraperitoneal 
Administration of Chloride) 


Animals L. D.sotS. E. 95% Confidence 
- at 10 days, Limits 
Element No. Type Mg./Kg. 


Lower, Upper, 
Mg./Kg. Mg./Kg. 


Yttrium 160 Rats 4542.1 41.1 49.3 

Yttrium 100 Mice 88+11.7 67.7 114.4 

Lantha- 80 Rats 10647.9 91.4 123.0 
num 
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TaBLe 2.—The Toxicity of Rare Earth Chlorides 
Injected Intravenously in Rats 


Number of Animals 


Element Dose, ~ — Mortality, 
Mg./Kg. Injected Died 
(3-5 Days) 
Lanthanum 3.5 26 1 3.8 
Cerium 3.5 104 12 11.5 
Praseodymium 3.5 28 4 14.3 
Neodymium 3.5 26 2 7.7 
Yttrium 3.9 25 0 0 
Code 340* 1,7 10 0 0 
Code 340 2.6 12 0 0 
Code 340 3.5 38 12 31.6 
Sodium t 30-50 7 0 0 


* A commercial mixture of rare earths containing meinly lan- 
thanum, cerium, praseodymium, and neodymium, end about 
three per cent of heavier rare earths; see footnote, Materials, for 
det i'ed analysis. 

+ Contr] animels were injected under same conditions with 
1.0 ml. of isotonie saline. 


observation. The results were similar for 
males and females in both rats and mice. 

The mortality of the rats that received 
intravenous injections is presented in Table 
2. Each of four rare earths was admini- 
stered separately at a level of 3.5 mg. of the 
element per kilogram of body weight. This 
dose was lethal to some of the animals in 
each group. All the deaths occurred from 
three to five days after injection. A com- 
mercial mixture composed chiefly of the 
four rare earths shown in the Table proved 
to be considerably more toxic than any of 
these elements administered separately. The 
mortality observed at three levels of this 
mixture indicates that the minimum lethal 
dose is between 2.6 and 3.5 mg. of rare 
earth per kilogram of body weight. Yttrium 
was observed to be less toxic by the intra- 
venous route than any of the four rare 
carths or the mixture. The dose was larger 
and no deaths occurred in the group of 25 
animals that received yttrium, 

In addition, preliminary experiments on 
the intravenous toxicity of gadolinium, 
holmium, and lutetium were done in 16 rats. 
The doses ranged from 3.5 to 60 mg. of the 
element per kilogram, and the animals were 
observed for one week. Animals that re- 
ceived 30 mg. per kilogram of gadolinium 
or of holmium survived the period of ob- 
servation. Two animals that received 40 
mg. of lutetium per kilogram also survived. 
Three others injected with larger doses of 


lutetium (from 45 to 60 mg. per kilogram) 
died immediately. 
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Comment 


Lanthanum and yttrium administered in- 
traperitoneally to rats was found to be two 
and three times more toxic, respectively, 
than previously reported.5 The reason for 
this disagreement is not immediately appar- 
ent. A similar comparison for agreement 
in mice is not available, since no value has 
been previously reported. 

The toxicities of lanthanum, cerium, 
praseodymium, neodymium, and a mixture 
of those were compared after intravenous 
injection of 3.5 mg. of the rare earth per- 
kilogram. This dose was chosen for com- 
parative evaluation after preliminary studies 
with the mixture at various levels had 
shown that a significant number of deaths 
would occur. Since the deaths occurred 
from the third to the fifth day, this stage 
was used as a measur. of mortality. 


The literature is essentially blank on the 
intravenous toxicity of rare earths in rats 
except for a few results of experiments 
done by Maxwell! incidental to a chemo- 
therapeutic study. The results in Table 2 
suggest that 3.5 mg. per kilogram approxi- 
mates the minimum lethal dose’ for lan- 
thanum and neodymium and exceeds this 


dose for cerium and praseodymium. The 
same dose of the mixed rare earths was 
found to be more toxic than its separate 
components. By comparison, a mortality of 
32% was observed with 3.5 mg. per kilogram 
of the mixture, and the mortality of 14% 
with praseodymium was the highest observed 
at this same level for any of the four separ- 
ate elements. The other levels of the mix- 
ture that were studied do show, however, 
that its minimal lethal dose is greater than 
2.6 mg. per kilogram. This difference is not 
explained by the other components of the 
mixture, which are primarily traces of less 
toxic yttrium and heavier rare earths. 

The compilation of available data in Table 
3 makes possible certain addit‘onal observa- 
tions. The scarcity of data does, however, 
limit conclusions for identical experimental 
conditions. It is apparent that no clear re- 
lationships exist between the toxicity of a 
particular compound and the route of ad- 
ministration or the species of animals or 
the atomic number of the rare earths. Some 
examples are cited. The values incorporated 
in the Table from studies by Cochran * and 
by Graca ® emphasize the importance of the 
compound for toxicity under identical 


TABLE 3.—Toxicity of Rare Earths and Yttrium in Laboratory Animals 


(Milligram of Element Per Kilogram of "ody Weight)* 


Rare Earth Mouse Rat Guinea Pig Rabbit 
Snbheu- Intra- Intra- Oral Subeu-Intra- Intra- Subcu- Intra- Intra-  Intra- 
No. Symbol Compound tane- peri- venous tane- peri- venous tane- peri- venous venous 
toneal ous toneal ous toneal 
57 La Aretate 4440 200 
Chloride >500% >190'% 10°F 3.594 
211 197 
Chloride-citrate 
Ammon.-nitrate RAN 153 
Nitrate 1450 145 
Sulfate 2450 *f 13444 
Oxide >8500 *t 
58 Ce Chloride 569- 201 22747 50-60''$ 560- 
2843 3.5§# 11377} 
Chloride-nitrate 83 
59 rr Chloride 944'*¢ 3.5 71% 75-04 12 
Chioride-citrate 80 
Nitrate 3.5-4.5! 
60 Nd Chloride 2302'*t 3.5 §# 81 115-1441" 
Chloride-citrate 80 23 
61-67 Pm-Ho None 
68 Er Nitrate 30-35! 
69-71 Tm-Lu None 
39 ¥ Chloride 88 tf 132*t >4§4 
45t# 
Nitrate 117*% 20-30" 
Oxide 395 


* Calculated from published values for compound. 
tL. 10 days. 


§ M.L.D. 
# Value obtained in this study. 
Kyker—Cress 
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conditions. These same values illustrate the 
prominent effect of species when mice and 
guinea pigs are compared; that is, the chlo- 
rides of four different rare earths admini- 
stered intraperitoneally appear to have 
almost identical toxicity in mice. These four 
salts are much more toxic by the same route 
to guinea pigs and show more difference 
among compounds. 

Other examples are illustrated by praseo- 
dymium and neodymium. Their toxicities in 
mice are about equal by the intraperitoneal 
route and differ greatly by the subcutaneous 
route. These same two elements are even 
more different by the intravenous route of 
administration in rats and in rabbits. The 
results of this study and others suggest that 
the intravenous toxicity of this series of 
elements decreases with increasing atoniic 
number. Present information is insufficient, 
however, to define this relationship clearly. 


Chronic toxicity of the rare earths is 
fundamental to their medical use and has 
had almost no attention in previous studies. 
The late effects observed in this study in- 


clude loss of weight and an occasional death 
beyond 30 days in groups of rats that re- 
ceived intraperitoneal doses of less than the 
L. D.s50 level. On the other hand, the chronic 
effect of yttrium appears to differ sharply 
from that of the rare earths. Incidental 
to a study of skeletal deposition, MacDonald 
and co-workers repeatedly gave intra- 
peritoneal doses to young rats (50 to 75 
gm.) and observed “no chronic systemic 
toxic effects.” They reported no significant 
effect on growth during the course of in- 
jecting 60 mg. of this element per kilogram 
every two days for as long as five months. 
The dose in each of these numerous injec- 
tions exceeded the L. D.s9 observed in this 
study after a single injection. The differ- 
ences to be stressed in the experimental 
conditions include only the age, size, and 
strain of rats. The importance of divided 
doses is also illustrated by the effect of 
intravenous experiments. Doses that are 
lethal to rats under the ordinary conditions 
of intravenous injection may be tolerated 
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without obvious difficulty when injected 
slowly during three to five minutes. These 
slow injections may be repeated several 
times every two or three days.''"* 


Summary 


The toxicity of yttrium in rats and mice 
and of lanthanum in rats was studied. The 
results indicate a greater toxicity than has 
been reported for the elements. The toxic 
effects of equal intravenous doses of cerium, 
lanthanum, neodymium, praseodymium, or 
a mixture of these, or of yttrium were ob- 
served in rats. Preliminary results with 
gadolinium, holmium, and lanthanum were 
also observed. Yttrium and the heavy rare 
earths appear to be less toxic than the 
others. A complete tabulation of values 
makes possible additional interpretations of 
the toxicity of this series of elements. Cer- 
tain considerations of their chronic toxicity 
are discussed. 

P. O. box 117. 
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Nickel Poisoning 


IV. Chronic Exposure of Rats to Nickel Carbonyl; A Report After One Year of 


Observation 


F. WILLIAM SUNDERMAN, M.D., Ph.D.; JOHN F, KINCAID, Ph.D.; ANDREW J. DONNELLY, M.D., and 


BOB WEST, Ph.D., Philadelphia 


Introduction 


Over the past score of years several 
scattered reports have appeared in the litera- 
ture attributing carcinogenic properties to 
nickel carbonyl.1 Most of the evidence was 
obtained from studies on workers in the 
nickel industry who developed cancer of the 
respiratory passages after exposure to vapors 
of nickel carbonyl over a period of ten or 
more years. This subject has been reviewed 
in a previous publication.’ 

The present studies were initiated to study 
the effects produced by long, continued ex- 
posure of experimental animals to repeated 
sublethal doses of nickel carbonyl. Atten- 
tion was also directed toward the possible 
carcinogenicity of the material. Surviving 
animals are still being studied from this 
point of view. 


Methods 


For our studies rats were exposed to sublethal 
concentrations of nickel carbonyl for a period of 
one year. The high resistance of the rat to pul- 
monary carcinoma is well known. The use of rats 
for these initial studies, therefore, seemed advis- 
able, since any occurrence of pulmonary carcinoma 
from factors other than nickel carbonyl was un- 
likely. 

In planning our experiments consideration was 
given to the use of both continuous and intermittent 
exposure. The latter was chosen. Intermittent 
exposure approaches more closely the variable con- 
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centrations that might occur in plant operations. 
Moreover, continuous exposure with nickel carbonyl 
would present formidable experimental difficulties 
not encountered with the intermittent type. For 
our purposes the animals were placed on a schedule 
of three 30-minute exposures per week. This 
schedule of repeated short exposures seemed reason- 
able, since the major effects from acute exposure 
are generally delayed 24 hours or longer. 

Male albino rats of the Wistar strain were used 
The rats were divided into four groups (Ci, Xi, Xe, 
Z) of 32 animals each and one group of 9 (C2) 
They were kept under observation for a period of 
three weeks before the beginning of our studies. 
Throughout, they were fed a diet of Purina Dog 
Chow and given water as desired. At the time that 
exposures began the mean weight of the rats in 
Groups C:, X:, and Z was 273 gm. and the mean 
weight of the rats in Groups Cz and Xz was 145 gm. 
Groups X; and Xe were exposed to nickel carbonyl 
at a concentration of 0.03 mg. per liter for 30 
minutes three times weekly for a period of 52 
weeks. Group Z was exposed to nickel carbonyl 
at a concentration of 0.03 mg. per liter for 30 
minutes three times weekly for three weeks and 
later at a concentration of 0.06 mg. per liter for a 
total period of 52 weeks. Group C; served as control 
for Groups X; and Z. Group C2 served as control 
for Group Xz. 

The nickel carbonyl was administered by inhala- 
tion in exposure equipment recently described.* 
It was vaporized from a solution of nickel carbonyl 
dissolved in a mixture of 50% ethyl alcohol and 
ethyl ether. Control groups were administered 
inhalations of an alcohol-ether mixture without 
nickel carbonyl. Chemical analyses for nickel 
carbonyl present in the chamber were obtained 
throughout the 30-minute periods of exposure." 

Measurement of body weight of each animal was 
obtained at weekly intervals. Animals selected at 
random from each group were killed every two to 
three months during the year of exposure. Weights 
of vital organs of autopsied animals were noted. 
Sections of tissues were examined both histo- 
logically and chemically. Initially the animals were 
killed by the use of: illuminating gas; later, by 
decapitation. 


NICKEL POISONING 


TABLE 1.—Groups of Rats Used in Nickel 
Carbonyl Studies 


Initial 
No.* 


Conc., 
Mg./L. 


Animals Animals 
Killed That Died t 


* Surviving animals are being retained and observed for tumor 
development. 
+ t Several animals listed in this column were killed in a mori- 
bund condition. 


Results 


Mortality Changes—The fate of the rats 
used in these studies is summarized in Table 
1. It may be noted that the mortality in 
the control groups is relatively high. This 
may be due to the alcohol-ether vapor to 
which these animals were subjected. Dur- 
ing most of the year’s exposures the control 
animals, as well as the other animals, were 
subjected to an atmosphere containing al- 
cohol-ether at a concentration of approxi- 
mately 3 mg. per liter for 90 minutes each 
week. When these studies were about 75% 
complete, the amount of alcohol-ether used 
as the solvent was reduced, and so the con- 
centration of the solvent vapors during ex- 
posure dropped to approximately 0.5 mg. 
per liter. 

Weight Changes—The weight curves 
comparing control and exposed animals are 
presented in Figure 1. The mean weight of 
the control rats (Group C;) at the end of 
the 52-week experimental period was 465 
gm. (SEM+16.7), as compared with a 
mean of 394 gm. (SEM+23.7) and 346 
gm. (SEM+13.7) for the rats in Groups 


22: 


Fig. 1.—Weight curves 
of rats exposed to nickel 
carbonyl. 


When Groups X4 
and Z are compared with the control group 
by the t-test,® this 
observed failure to grow at the same rate 
as the controls is significant. (For Groups 
X, and Cy, P=0.05; for Groups Z and 
C,, P<0.01.) 

The amount of nickel in the liver and 
kidney of the animals subjected to chronic 


X, and Z, respectively. 


conventional Fisher 


exposure to nickel carbonyl was determined 
according to our modification of the method 
of Alexander, Godar, and Linde.'* The 
data in Table 2 show that the concentra- 
tions of nickel in these organs are increased 
after both acute exposures. 
Since there is little change in the mean 
weights of liver and kidney, respectively, 
as shown in Table 3, the total contents of 
nickel in these organs are obviously in- 
creased. 


and chronic 


A summary of the changes in organ 
weights of the rats subjected to chronic ex- 
posure is presented in Table 3. Significant 
increases were observed in the weights of 
the lungs, heart, and adrenals of the ex- 
posed animals (Groups X and Z). 


Pathologic Changes 


All of the chronically exposed test ani- 
mals had more extensive inflammatory le- 
sions in lungs than those encountered in 
the controls. Only a few of the rats in 
the control groups had pneumonitis, whereas 
all of the others had severe inflammatory 
disease, including pneumonia, purulent bron- 
chitis, bronchiectasis, abscesses, granulomata, 


OF EXPOSURE 


> CONTROL 
0.06 
@ 0.03 mg/LiTer 
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Ci 0 32 10 ul 
Cs 0 9 1 5 
Xi 0.03 32 4 2B 
Xs 0.03 32 1 20 
Z 0.06 32 9 19 
480 
460 
i 
© 2 4 6 8 I2 20 22 26 26 26 30 32 36 38 40 42 44 46 48 SO S2 
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A. 
Taste 2.—Nickel in 


Tissues of Animals 
Exposure 


to Ni(CO), 


Ni, wg./Gm. of Wet Tissue 


Group 


Mean Liver Value 


Control 
Chronic * 
Acute L.D. 50 
exposure 


0.12 (SE+0.02) 
0.20 (SE +0.05) 
0.48 (SE+0.29) 


0.40 (SE+0.13) 
1.21 (SE+0.05) 
0.95 (SE+0.13) 


* These analyses were made on tissues from animals killed 6 


after the start of the program 
ese 
after exposure. 


and empyema. Many of the exposed rats had 
a contiguous pericarditis, and a iumber had 
suppurative lesions involving the thoracic 
walls. In approximately one-third of the 
chronically exposed animals the pulmonary 
exudate contained large numbers of histio- 
cytic foam cells (Fig. 2). Squamous meta- 
plasia was present in bronchiectatic walls 
of several rats (Fig. 3). 
was accompanied by 


This metaplasia 
distortions of the 
epithelium resembling neoplasia. In at least 
one animal this change was so striking that 
invasive carcinoma was simulated to a re- 
markable degree. This change was charac- 
terized by an apparent invasion of the 
surrounding fibrotic tissue by cords and is- 
lands of epithelial cells with moderately 
hyperchromatic nuclei and practically no or- 
ganized pattern (Fig. 4). 

No significant differences in the pul- 
monary lesions were apparent as a result 
of the different dosage levels 0.03 mg. per 


l’arious Organs of Rats Subjected to Chronic 
Exposure of Nickel Carbonyl 


Organ Weight as Per Cent of 
Total Body Wetant, 
Per Cent + 8.E. 


Group 


Per Cent 
Increase 


C Liver 2.97+0.11 

3.07+0.15 

Z 2.95+-0.19 

C Lung 0.6940.17 

x 2.20+0.18 219 
Z 1.69+-0.22 145 
Heart 0.334-0.04 

x 0.530.083 61 
Z 0.5240.13 60 
© Kidney 0.36+0.04 

x 0.40+0.02 

Z 0.4340.03 

C Adrenal 0.0057+0.0006 

0.0119+0.0012 109 
Z 0.0124+0.0009 118 


C=control. 
X=0.03 mg. per liter for 30 minutes, three times weekly for one 


ear. 
Z=0.06 mg. per liter for 30 minutes, three times weekly for one 
year. 
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M. 
After 


Mean Kidney Value 


analyses were made on tissues obtained 48 to 168 hours 


TasLe 3.—Per Cent of Total Body Weight of 
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‘£5 


Fig. 2.—Alveolar spaces in periphery of lung 
crowded with vacuolated macrophages (foam cells). 


liter (Groups X; and X») and 0.06 mg. 
per liter (Group Z) 


Of the extrathoracie pathologic lesions, 


the ones most frequently encountered in all 
groups were colitis and cecitis. These were 
often ulcerative and 


were accompanied 


Fig. 3.—Section of bronchiectatic lung with 
squamous metaplasia of bronchial epithelium around 
the purulent exudate. 
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Fig. Pee te and cords of epithelial cells in a 
fibrous stroma from a peribronchial area. The pat- 
tern is practically indistinguishable from carcinoma 
if individual fields are considered as isolated enti- 
ties. 


by regional mesenteric lymphadenitis and 
edema, with cyst-like dilatations in the larger 
nodes (Fig. 5). Some of the lymph-filled 
cyst-like distortions were up to 3 cm. in 


diameter. A few nodes contained large 
numbers of polymorphonuclear leucocytes, 
particularly around the cavity walls. Some 
of these cystic nodes were immediately ad- 
jacent to the ulcers in the colon wall. 


The hearts, livers, kidneys, and adrenal 
glands of the test animals did not exhibit 
any constant histopathologic distortions con- 
sidered significant to this study. 


In the control animals killed in good con- 
dition (11 rats) the majority had lungs 
which were essentially normal. A_ severe 
chronic meningitis was discovered in one 
control animal, and another had a large in- 
flammatory and fibroblastic mass in one 
thigh. Because of the apparently unrelated 
complications and the pulmonary lesions in 
the rats discovered dead or dying, only 
the killed animals warrant comparisons with 
the test animals. A number of isolated 
pathologic lesions were found incidentally 


Sunderman et al. 


Fig. 5—Edge of mesenteric lymph node. with 
residual lymphoid tissue enclosing cystic spaces. 
This cystic node was adjacent to an intestinal 
ulcer 


and were not considered related to the 


study. 


Comment 


There is little doubt that chronic expo- 
sure of rats to nickel carbonyl is attended 
by impairment of health. This is evidenced 
by the decreased rates of growth, the 
higher mortality rates, and the higher in- 
cidence of pathologic lesions in the exposed 
animals as compared with the controls. The 
exposed animals were less active and ap- 
peared apathetic; their coats lacked luster, 
and their noses were frequently congested 
and covered with blood. The substantial 
enlargements of the heart, lungs, and ad- 
renals noted in the exposed groups are 
further indications of damage to vital or- 
gans. 

The use of rats as test animals in deter- 
mining the carcinogenicity of inhalants is 
recognized as a severe challenge. Accord- 
ing to Ratcliffe * and Willis* the incidence 
of spontaneous pulmonary neoplasms in 
rats is negligible. Stewart’ indicates that 
induction of lung tumors in rats is diffi- 
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cult. However, the lungs of rats cannot be 
considered completely refractory to specific 
carcinogens, since pulmonary tumors have 
been induced by urethan *® and aerosols of 
radioactive cerium ® and beryllium sulfate.'? 

Nickel carbonyl, an agent known to pro- 
duce fibroblastic lesions in lungs,"!*"* has 
been considered as a possible pulmonary 
carcinogen in human beings. As yet the 
carcinogenicity has not been proven ex- 
perimentally. Despite this, nickel carbonyl 
cannot be declared noncarcinogenic and it 
must remain suspect. Our present studies 
may actually heighten the suspicion, since 
squamous metaplasia is evoked or abetted 
in the bronchial epithelium of rats chroni- 
cally exposed to the vapors. 

The amount and degree of metaplasia 
produced in the exposed animals is consid- 
ered important in relation to carcinogenicity. 
Smith has indicated that “undifierentiated, 
anaplastic, or squamous cell cancers com- 
pose the majority of lung cancers seen in 
man. Attention should therefore be di- 
rected toward materials or conditions lead- 
ing to dedifferentiation or metaplasia of 
pulmonary tissue.” 1 Squamous metaplasia 
of the bronchial epithelium is commonly 
found in bronchiectatic lungs with suppura- 
tive bronchitis in the rat, and such pul- 
monary lesions were often found in our 
exposed animals. The evidence, therefore, 
that chronic exposure to nickel carbonyl 
produces cancer of the respiratory passages 
in the rat remains suspicious but inconclu- 
sive. 


Summary 


Studies are reported on the effects of 
chronic exposure of rats to nickel carbonyl. 
Several groups of animals were exposed to 
sublethal concentrations of nickel carbonyl 
for a period of one year. 

Chronic exposure of rats to nickel car- 
bonyl is attended by impairment of health, 
decreased rates of growth, and high mortal- 
ity rates. The weights of the hearts, lungs, 
and adrenals of the exposed rats were sig- 
nificantly higher than those of the controls. 
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Rats chronically exposed to nickel car- 
bonyl developed extensive pulmonary  le- 
sions, including a remarkable degree of 
squamous metaplasia of the bronchial epi- 
thelium. This metaplasia has been consid- 
ered in relation to carcinogenesis. Although 
the presence of inflammatory lesions com- 
plicates the interpretation of the metaplasia, 
nevertheless the amount and degree of the 
metaplasia that was observed warrants con- 
tinued investigation of nickel carbonyl as a 
possible carcinogenic agent. Surviving ani- 
mals are being retained and observed for 
tumor development. 


1025 Walnut St. 
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Gewerbehyg. 


Correction 


In the article “Control of Heat Casualties at Military Training Centers,” by Constantin 
P. Yaglou and Comdr. David Minard (MC), U. S. N., in the October issue of the Archives, 


the formula near the top of the left column cn page 303 is incorrect. 


is as follows: 


The correct formula 


Globe temp.=0.74X<0.95X (black globe temp.—shade air temp)-+shade air temp 


Sunderman et al. 
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Nickel Poisoning 


i’. The Metabolism of Nickel Under Normal Conditions and After Exposure to 


Nickel Carbonyl 


Most of the previous studies on nickel 
from our laboratories have been directed 
toward the toxicity of nickel carbonyl and 
to the treatment following exposure.’* The 
present studies are concerned with the me- 
tabolism of nickel in dogs before and after 
exposure to the vapors of nickel carbonyl. 

Drinker and co-workers * in 1924 found 
that human subjects who had ingested nickel 
excreted as much as 30 mg. per day in the 
feces, whereas only 4 mg. per day was ex- 
creted in the urine. These observations are 
in contrast to those of Kent and McCance,® 
who found under normal conditions that 
more nickel was excreted in the urine than 
in the feces. Wase, Goss, and Boyd,* in 
recent experiments in mice, injected radio- 
active nickel in the form of nickel chloride 
intraperitoneally and found that in the first 
eight hours most of the nickel was ex- 
creted in the feces rather than in the urine. 

With the exception of the results reported 
by Sunderman and Kincaid,? the metabo- 
lism of nickel following the inhalation of 
nickel carbonyl has not been studied. These 
investigators made clinical observations on 
36 persons accidentally exposed to this com- 
pound and found that nickel concentrations 
in urine increased manifoldly above normal 
after exposure. 


The experiments to be described are con- 
cerned with nickel metabolism in dogs un- 
der normal conditions and following expo- 
sure to nickel carbonyl. 
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Methods 


The following methods were employed: Female 
dogs were permitted free access to Purina Dog 
Chow and distilled water and were episiotomized 
in order to facilitate catherization and collection of 
urine. The metabolism studies were divided into 
three-day periods and performed in a conventional 
manner, with use of carmine and charcoal to mark 
the beginning and end, respectively, of each three- 
day metabolic period. 

Nickel balance studies were undertaken before 
and after exposure to vapors of nickel carbony! 
in concentrations ranging frem 0.2 to 1.0 mg. per 
liter for 30-minute periods. Nickel analyses were 
performed on both the ingesta and egesta during 
two consecutive three-day periods, according to a 
modified method of Alexander, Godar, and Linde.’ 
A modification of the method of Tobias and 
Weston ® was used in studies completed in one dog 
in which the retention of nickel was measured 
after the inhalation of nickel carbonyl. Essentially, 
this method measures the nickel carbonyl retained 
by determining the difference between the total 
amount inhaled and exhaled. 

Figure 1 is a diagram of the method used to 
determine nickel carbonyl retention in the dog. The 
animal was anesthetized lightly with pentobarbital 
sodium, and a tight-fitting rubber mask which was 


NICO), 


A, SPIROMETER 


B. OUTLET FOR SAMPLING 
EXHALED AIR 


C, TWO WAY VALVE SYSTEM 
D. EXPOSURE CHAMBER 


Fig. 1—Schematic diagram to illustrate method 
for measuring respiratory exchange during ex- 
posure to nickel carbonyl. 


q 
J 
A 
8 
\ 
| 
— 
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Taste 1.—Nickel Balance Studies (Before excretion in the urine is highly significant 
Exposure to Nickel Carbonyl) 


— (P<0.01). In contrast, there is no sig- 
Dog 3Day  Niin Ni in Niin Balance, Nificant difference between nickel ingestion 
Mg. Me. Me. , and excretion of nickel in the stool during 
1 1 0.79 0.72 0.04 +0.03 the control period and the first metabolic 
2 0.48 0.44 0.03 +0.01 
3 1.34 1.21 0.07 +0.06 period after exposure (Table 2, Fig. 2). 
4 0.88 0.83 0.05 0.0 
2 1 1.21 1.05 0.07 +0.11 In the second metabolic period following : 
2 1.39 1.19 0.07 +0.13 
3 1.69 1.19 0.10 +0.40 exposure (Days 4, 5, and 6) the amount of 
3 1,38 1.14 0.08 +0.16 
4 1 1.54 1.36 0.13 +0.05 nickel in urine tends to return to preex- 
Average 8.D. 1.12+0.16 1.014044 0.07+0.03 


posure levels. 


Nickel retention was measured after both 
well coated with an unctuous mixture of paraffin 


and petrolaius vis winced the Au Ace ingestion and inhalation in Dog 5. The re- 
Bandage was wrapped around the mask to insure sults of the studies on nickel balance in 
the prevention of leakage. Air containing nickel Dog 5 are given in Table 2, The total 
carbonyl vapors was inhaled and exhaled through  pickel intake was 7.01 mg., and the total 
a two-way valve system. The volume of exhaled 

aise output in urine and feces was 6.97 mg. 
air was determined by collection in a spirometer, 900 of 

and the average concentration of nickel carbonyl Thus, approximately 99% of the ingested 
in the inhaled and exhaled air was determined on and inhaled nickel was eliminated in the 
aliquots obtained by a continuous sampling method. urine and feces within six days. 

With this information it was possible to determine 
the amount of nickel carbonyl retained. 


Comment 
Results Since nickel carbonyl is very reactive and 
labile in the presence of oxygen, it is not 


The results of nickel balance studies be- 
fore exposure to nickel carbonyl are given °T#! whether or not nickel carbony! se! 
in Table 1. These data show that nickel in- % diffuses across the alveolar membrane in 
take in the food is virtually equal to the the lungs. Armit®'® postulated that it is 
output in the urine and feces. Furthermore, 0t absorbed as such but is decomposed by 
our results indicate that an average of 90% moisture and is deposited as colloidal metal- 
of the ingested nickel is excreted in the lic nickel on the pulmonary epithelium, Un- 
stool and only 10% is eliminated in the fortunately, there is little experimental 
urine, These observations confirm those of  ¢Vidence to support this view. 

Drinker and his co-workers.‘ The observation that there is a sharp in- 

The amounts of nickel excreted after ex- crease in nickel excretion in the urine im- 
posure to nickel carbonyl are given in mediately after acute exposure in dogs is of 
Table 2. It will be seen that there is a major practical importance. Clinically, it 
striking increase in the excretion of nickel has been found that in some cases of acci- 
in the urine during the first three-day dental poisoning symptoms occasionally re- 
metabolic period after exposure as com- main latent for a period of 8 to 10 days. 
pared with the control period. This increased Therefore, the low concentrations of nickel 


Taste 2.—Nickel Balance Studies (After Exposure to Nickel Carbonyl) 


Dog 3-Day Ni(CO)«, Niin Food, Nilnhaied, Niin Stool, Niin Urine, Ingesta—Egesta, Balance 
Period Mg./L. Mg. Mg. Mg. Mg. Mg. 
1 1 0.2 1,40 1,57 2.98 —3.2 
2 l 0.2 0.85 1,50 3.86 —4.5 
2 1.63 1.65 0,22 —0.2 
3 l 1.0 0.55 1.12 3.71 —43 
2 1.61 1,70 0.27 —0.4 
4 1 1.0 0.78 1,17 3.32 -3.7 
2 1.96 2.22 0.29 —0.6 
5 1 04 2.52 2.25 7 2.10 —1.4 +0.9 
2.24 2.90 0.19 —0.9 —0.9 
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Fig. 2.—Nickel balance studies in dogs before 
and after exposure to nickel carbonyl. 


in the urine should not always be consid- 
ered as conclusive evidence against nickel 
carbonyl poisoning. In our studies the 
nickel content of urine returns to approxi- 


mately normal levels within six~days aftet 


exposure. 

The high concentrations of nickel in the 
urine after exposure to nickel carbonyl are 
of great value in the detection of nickel 
carbonyl poisoning. Sunderman and Kin- 
caid * have emphasized the practical useful- 
ness of measuring nickel in urine among 
exposed workers. Daily measurements of 
urine nickel have been shown to serve as a 
useful index of exposure among workmen 
in manufacturing plants. 


Summary 


Nickel balance studies were undertaken 
in normal dogs. These studies indicate that 
90% of the ingested nickel is excreted in 
the stool and 10% is eliminated in the urine. 


A. M. A, ARCHIVES OF INDUSTRIAL HEALTH 


After exposure to the vapors of nickel 
carbonyl the amount of nickel excreted in 
the urine is strikingly increased. No such 
increase was found in the feces. 

A complete balance study in a dog be- 
fore and after exposure to nickel carbonyl 
indicates that virtually all of the nickel is 
excreted within six days and that there is 
no significant retention of nickel in the 
body. 


1025 Walnut St. 
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Accumulation of Dietary Boron and Strontium in 


Young and Adult Albino Rats 


R. M. FORBES and H, H. MITCHELL, Urbana, Ill. 


The cecurrence and rate of accumulation 
of minor elements in animal tissues continue 
to interest the biochemist and toxicologist 
both from the viewpoint of possible toxic 
manifestations of accumulation of radioac- 
tive and of nonradioactive elements and in 
the search for additions to the list of recog- 
nized physiologically necessary elements. It 
was particularly with the first viewpoint in 
mind that the following experiments were 


undertaken. Boron has long been a matter 


of practical concern to the toxicologist.’ 
Current interest in strontium is reflected in 
studics on its absorption and occurrence of 
the radioactive isotope in tissues.*-* 


Experiments with Boron 
Procedure 


In the first trial with boron 55 weanling male 
albino rats of Sprague-Dawley strain were em- 
ployed. Seven rats were killed at the start of the 
experiment to provide data on initial boron content. 
The remaining 48 animals were assigned at random 
to the forr diets, which differed only in boron con- 
tent. The basal commercial stock ration was found 
by analysis to contain boron at a concentration of 
19 ppm. Boron (as boric acid) was added to this 
stock diet to give three higher levels which were 
found by analysis to be 73, 104, and 198 ppm. The 
animals were individually fed equal amounts of 
their respective rations. After four weeks of feed- 
ing, half of the animals on cach dict were killed 
and the remaining animals were continued on ex- 
periment for four additional weeks. In all cases 
animals were killed 24 hours after being given their 
last allotment of experimental ration. 


Accepted for publication May 8, 1957. 
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At killing each animal was emptied of intestinal 
contents and autoclaved, and the skeletal and soft 
tissues were carefully separated prior to analysis 
for boron. The analytical procedure used was the 
1,1'-dianthrimide method of Ellis et al.‘ Since it 
was found that dry ashing of the skeletal tissue 
gave excellent recovery of added boron and higher 
results than wet ashing with H:SO, and H:Os, this 
method of preparation was employed for the bones. 

Two similar experiments were later conducted 
with mature male albino rats, and in a final experi- 
ment six weanling male albino rats were fed ad 
libitum on the stock ration supplemented with 1600 
ppm boron. 


Results and Discussion 


The main results of these experiments 
are summarized in Table 1. With respect to 
Experiment 1, statistical analysis of carcass 


weights shows that animals on the lowest 
level of boron intake grew significantly 
heavier than those on the two higher levels 
(P<0.01 for the four-week data; P=0.05 
for the eight-week data). These data indi- 
cate a depressing effect of boric acid on the 
growth-promoting capacity of the diet. 
Analysis of the boron retention data from 
Experiment 1 indicates that at four and at 
eight weeks the rats on the lowest level 
retained a significantly greater (P=0.01) 
percentage of the boron fed than did the 
other rats. Similarly, the data for total 
carcass boron content show that each in- 
crease in boron intake resulted in a highly 
significant (P<0.01) 
whether the was due to 
greater concentration in the diet or to longer 
time on diets of similar boron content. 
The data obtained with the larger animals 
in [experiments 2 and 3 indicate an increase 
in total boron accumulation as the boron 
concentration in the diet was increased but 
not a consistent 


increase in carcass 


boron, increase 


increase as time on the 
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TasBLeE 1.—Boron Accumulation in Rats Fed Varied Levels of HsBOs 


Rats, Final Dry Wt. of— 
Treatment No. Wt., Gm. Skeleton, 
Gm. 
Experiment 1. Growing rats 
Negative control 7 39 2.48 
19 ppm boron, 4 weeks 6 175 7.06 
8 weeks 6 269 10.64 
73 ppm boron, 4 weeks 6 171 6.99 
8 weeks 6 260 10.13 
104 ppm boron, 4 weeks 6 164 7.10 
& weeks 6 255 10.14 
198 ppm boron, 4 weeks 6 164 6.91 
8 weeks 6 255 10.14 
Experiment 2. Adult rats 
Negative control 3 427 20.0 
19 ppm boron, 8 weeks 3 425 21.4 
73 ppm boron, 8 weeks 2 393 20. 
104 ppm boron, 8 weeks 3 385 19.5 
198 ppm boron, 8 weeks 3 4il 18.0 
Experiment 3. Adult rats 
Negative control 3 346 17.8 
17 ppm boron, 4 weeks 3 373 20.3 
81 ppm boron, 4 weeks 3 370 29.2 
135 ppm boron, 4 weeks 4 385 21.6 
208 ppm boron, 4 weeks 4 365 21.3 
Experiment 4. Growing rats 
1018 ppm boron, 4 weeks 6 145 5.62 


diet was lengthened. The data are more 
variable with respect to percentage reten- 
tion of dietary boron with these older ani- 
mals as compared with the young animals of 
Experiment 1, although the efficiency of 
retention was of comparable magnitude. 
There was no effect of level or time of 
boron feeding on food intake or weight 
gain. 

In Experiment 4 the average retention of 
boron fed was 0.42%. These animals, fed 
ad libitum, ate and gained less than the 
comparable animals in Experiment 1, in 
which the food intake was moderately re- 
stricted. During the last week on experi- 
ment three of the animals reduced their 
food intake markedly and ceased to gain in 
weight. Their final weight averaged 133 
gm., in contrast to 157 gm. for the other 
three. Autopsy revealed no gross pathologi- 
cal cause for this decreased food intake, 
and so it may be assumed that these rats 
were reacting unfavorably to the boron in 
the diet. They had not retained more 
dietary boron than those rats which con- 
tinued to gain. The amount of boron ac- 
cumulated by these rats is similar to that 
reported by Skinner and McHargue® in 
fed under similar conditions. The 
boron intake of these animals averaged 115 
mg. per kilogram per day, an amount con- 


rats 
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Boron, ug. Body 

- Boron Boron in 

Soft Ketained, Skeleton, 

Tissue Skeleton Total % A 

3.7 4.8 8.5 56 
30.1 17.1 47.1 0.53 35 
71.1 17.1 88.1 0.45 19 
44.0 34.0 78.0 0.24 44 
126 46 172 0.24 27 
54.4 44.4 98.0 0.22 45 
151 64 215 0.21 30 
83.0 65.1 148.1 0.18 44 
219 SS 307 0.16 29 
79 28 107 26 
127 39 166 0.29 24 
180 63 243 0.20 26 
426 133 559 0.50 24 
708 136 s44 0.36 16 
92 20 112 18 
105 23 128 0.16 18 
240 57 297 0.37 19 
327 93 420 0.36 22 
561 152 713 0.48 21 
1084 270 1354 0.42 20 


siderably less than the L. D.59 of 430 mg. 
per kilogram per day obtained in acute 
toxicity studies by Pfeiffer et al.’ None of 
the animals in these experiments exhibited 
indications of riboflavin deficiency, in con- 
trast to the findings of Landauer * working 
with chick embryos. Since there was an 
abundance of riboflavin in the basal diet, 
these results do not imply a lack of associa- 
tion between boron toxicity and riboflavin 
nutriture. 

These data demonstrate that although the 
concentration of boron in the skeleton is 
greater than that in soft tissues there is 
more total boron in the latter. From 16% 
to 56% of the total boron was present in 
the skeleton, which tissue makes up some- 
what less than 10% of the total body weight. 
The percentage of total body -boron in 
skeletal tissues is seen in Table 1 to vary 
inversely with advancing age of the animal. 
In Experiment 4, the percentage of body 
boron in the skeletal tissues of 20 rather 
than the value of 42, which corresponds to 
the data of similarly aged rats in Experi- 
ment 1, may be a result of acceleration of 
the age effect on boron distribution in the 
tissues or alteration in tissue distribution 
ratio’ brought about by a relatively high 
dietary boron concentration, 
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BORON AND STRONTIUM ACCUMULATIONS IN RATS 


-—Calcium, Phosphorus, and Strontium in Rat Skeleton Following Feeding of 


Wt. Wt. of 
Gain, Bone Ash, 
Gm. Gm. 


Strontium per gm. diet 
Control— Young 
Control—Adults 
0.03 mg. 
Young—4 weeks 
Young—8 weeks 
Adult—4 weeks 
Adult—8 weeks 
0.04 mg. 
Young—4 weeks 
Young—8 weeks 
Adult—4 weeks 
Adult—8 weeks 
0.13 mg. 
Young-~4 weeks 
Young—8 weeks 
Adult—4 weeks 
Adult—8 weeks 
1.03 mg. 
Young—4 weeks 
Young—8 weeks 
Adult—4 weeks 
Adult—8 weeks 


we 


* Number of samples analyzed for strontium. 


Experiment with Strontium 
Procedure 


Sixty-seven albino rats (15 adult males, 26 
weanling males, and 26 weanling females) were 
employed in these studies. Six weanlings (three 
males and three females) and two adults were 
killed at the start of the experiment to provide 
basal data from which to evaluate strontium ac- 
cumulation. The remaining animals were divided 
into similar groups and placed on the following 
diets: (a) basal commercial stock diet, containing 
30 ppm Sr; (b) basal diet plus 10 ppm Sr; (c) 
basal diet plus 100 ppm Sr, and (d) basal diet plus 
1000 ppm Sr. The supplements were in the form of 
Sr(NOs)e. The diets were fed ad libitum individ- 
ually, and feed intake was measured. After four 
weeks of feeding half of the animals on each diet 
were killed, and after four more weeks the remain- 
ing animals were also killed, all animals being killed 
immediately upon removal from experimental diets. 
After the intestinal contents were removed from 
each animal, the carcass was autoclaved to facilitate 
separation of skeleton and soft tissues. The dried 
and ground skeleton was saved for analysis. Cal- 
cium, phosphorus, and ash were determined by 
standard procedures. Strontium was determined 
spectrographically on the ashed samples by the 
Anderson Physical Laboratories, Champaign, 
Ill, with use of copper electrodes and a direct 
current are carrying 3.5 to 3.8 amp. Chromium 
was used as the internal standard. Superimposed 
on the D. C. are was a high-potential discharge 
which was triggered every 1/360 second. A Bausch 
and Lomb 1.5 meter spectrograph was used with a 
slit width of 504. The intensity of the strontium 
line was measured at 4607A., and that of the 
chromium line, at 4616A. 


F orbes—Mitchell 


Varied Levels of Sr(NOs): 


Composition of Bone Ash Total Sr = Stronium 

in Intake in 

Ca, % P,% Sr, % Bone Ash, Bone Ash. 
Mg. % 


$2.98 5. 0.0077 (3)* 0.104 
37.25 0.0118 (2) 0.823 


$5.14 od 0.0090 (6) 
36.47 0.0207 (4) 
36.70 

35.57 od 0.0175 (2) 


go: 
an 


35.46 SS 0.0304 (4) 
36.44 46 0.0176 (4) 
36.48 6 0.0220 (2) 
36.03 37 0.0171 (2) 


36.53 0.0494 (4) 
36.92 8.5 0.0714 (3) 
33.01 7.4 0.0532 (1) 
35.72 0.0430 (2) 


34.75 0.709 (4) 
34.98 8.6 0.418 (5) 
35.81 -3¢ 0.240 (1) 
35.80 le 0.436 (2) 


Results and Discussion 


The major results of this experiment are 
summarized in Table 2. Total strontium in 
bone ash is calculated from bones on which 
both strontium and bone ash were deter- 
mined, not from average bone ash of each 
entire group. Strontium intake in bone ash 
was calculated after subtracting 0.104 or 
0.823 (starting values) from the analyzed 
data. There were no differences in food 
intake, weight gain, total bone ash, or cal- 
cium and phosphorus composition of the 
bone ash attributable to the varied levels of 
strontium intake. The data for bone com- 
position of young male and female rats are 
pooled in Table 2, since there were no dif- 
ferences between the sexes except for 
weight of bone ash in the animals on ex- 
periment for the full eight weeks. An ab- 
sence of symptoms of toxicity was not 
surprising, since the average strontium in- 
take of adult rats on the highest strontium 
ration amounted to 50 mg. per kilogram per 
day, and MacDonald et al.® have shown the 
L.. D.s59 of injected strontium to be 795 mg. 
per kilogram for albino mice. 


Each increase in dietary strontium level 
resulted in an increase in the average 
strontium concentration in the bone ash. 
The accumulation of strontium as affected 
by its intake is most clearly seen in the 
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Rats, 
No. 
2 6.78 
133 3.63 0.322 
| 246 6.77 1.41 
63 7.37 
MM 9.71 1.69 
5 126 3.70 OAS 
6 196 6.33 1.11 
3y 7.39 1.66 
gs 9.73 1.63 
115 3.36 1.34 ; 
182 6.09 4.48 
66 7.90 4.20 
120 9.83 4.20 
141 3.74 26.9 4.5 
193 6.35 28.4 2.4 
l 105 7.90 19.0 2.5 
142 9.93 43.2 3.2 
= 
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last two columns of Table 2. It is of par- 
ticular interest that statistical analysis re- 
vealed no significant relationships between 
strontium level, time on experiment, or age 
of the animal and the percent retention of 
dietary strontium, which averaged 2.70%. 
The “bone retention factor” * ranged from 
0.11 to 0.32, averaging 0.20, and was not 
affected by any of the variables imposed 
in this experiment. This is in reasonable 
agreement with the factor of 0.28 obtained 
by Alexander et al. The bone retention 
factor is obtained by dividing data for 
strontium atoms per 1000 calcium atoms in 
bone by that in feed. If the factor is less 
than unity, it indicates a preferential reten- 
tion of calcium to that of strontium. In 
this respect, our data are in directional 
agreement with those of Wasserman et al.* 
obtained under short-time conditions de- 
signed to study only absorption of strontium 
and calcium. However, their data may be 
calculated to show a bone retention factor 
of 0.6 in comparison with our 0.2. It is 
probable, then, that in our longer study 
factors other than absorption, i. e., hormonal 
control of bone mineralization, are playing 
a part and in themselves give preference to 
calcium over strontium. 


Summary 


Data are presented relative to accumula- 
tion of boron and of strontium fed to young 
and to adult rats for periods of four and 
eight weeks. In young rats the per cent of 
dietary boron retained was inversely pro- 
portional to its concentration in the diet, 
ranging froma retention of 0.49% to 0.17% 
as dietary concentration increased from 19 
to 198 ppm. This trend was not noticeable 
in the adult rats. The distribution of re- 
tained boron between soft tissues and skele- 
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ton varied inversely with the age of the 
animal, ranging from 56% of total body 
boron in the skeleton to 20% as age in- 
“adult.” 
Strontium accumulation in the skeleton 
averaged 2.7% of that fed, a figure that 
was not obviously influenced by sex or age 
of the animal or by the concentration of 
strontium (30 to 1030 ppm) in the diet. 


creased from four weeks to 


University of Illinois, Urbana, III. 
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Portable Radon Detector for Continuous Air 
Monitoring 


W. B. HARRIS, H. D. LeVINE, and S, I. WATNICK, New York 


One of the earliest recognized health 
hazards associated with the inhalation of 
radioactive materials was that involving 
radon. As early as the mid-1920’s serious 
overexposures to radon had been recognized 
in the watch dial industry, where radium- 
bearing luminescent materials were used. 
During the 1920’s and 1930's air concentra- 
tions of radioactive materials were measured 
and permissible levels established on the 
basis of existing exposures data. Radon 
concentrations in the air were being studied 
especially, and procedures were developed 
for estimating concentrations down to 
O.1lupc/liter.! A maximum permissible level 
of 100upc/liter was established, 

There were few plants where concentra- 
tions of this magnitude existed, and they 
were all small dial-painting establishments, 
employing 30 or 40 people, all performing 
essentially identical functions. This popula- 
tion constituted the bulk of these exposures, 
plus a relatively few additional persons in- 
volved in mining and extraction. As a result 
of this very limited population and the 
limited extent of the working areas, there 
was no great disadvantage in the cumber- 
some sampling procedures which had been 
developed for the measurement of radon. 
They generally involved obtaining a grab 
sample of approximately 1 liter of the atmos- 
phere to be tested. This sample was intro- 
duced into an ionization chamber, and the 
degree of activity was measured either as a 
build-up of charge on an electrometer or 
later by techniques of pulse counting.” It 
was normal at this stage of development to 
count these samples for from 12 to 24 
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hours in order to insure adequate statistics. 

With the onset of the atomic energy 
industry and the increase of interest in the 
matter of “health physics,” procedures were 
developed which permitted both a higher 
degree of precision and a much shorter 
measuring time. These included adsorption 
of the radon on activated charcoal for con- 
centration of the material,* and also direct 
evaluation of the ionization current of the 
sample by means of a very sensitive current- 
measuring device, such as the vibrating reed 
electrometer. Later this latter technique was 
improved by combining the sampling flask 
with the ionization chamber, and a much 
larger number of samples were possible of 
rapid evaluation.* Where it had previously 
been possible to take and measure only 1 or 
2 samples a day with the previous technique, 
this advance permitted analysis of 83 to 10 
samples a day. 

During the same period came the tremen- 
dous growth in the commercial mining of 
radioactive materials. From the small hand- 
ful of men who were engaged in uranium 
and radium: mining up to 1940, the number 
of mines, the number of persons involved, 
and the extent of the workings have grown 
enormously. It is roughly estimated that in 
1940 the personnel involved in the actual 
mining of uranium (and radium) was fewer 
than 100; in 1945, fewer than 1000; in 1950, 
fewer than 10,000, and in 1955, probably 
closer to 100,000. This vast extension of the 
population exposure has made this industry 
the most important single source of exposure 
to radioactive materials in the world today. 
It has therefore become essential to evaluate 
potential exposures accurately and rapidly, 
using relatively unqualified personnel. This 
need has fostered the development of several 
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new techniques and procedures. Although 
the permissible radon level is expressed as 
microcuries of radon per cubic centimeter, 
it is reasonably well established that the 
radon daughter products constitute the major 
hazard. Because of this, several techniques 
have been developed which permit the direct 
measurement of the radon daughters, in air, 
as an expression of the potential hazard.® 
However, as long as the permissible levels 
are expressed in terms of radon, it is neces- 
sary to measure the radioactive gas itself. 
Several instruments based on the scintillation 
technique which simply and rapidly measure 
radon gas have been devised. In principle, 
radioactive gaseous material is introduced 
into a chamber and is exposed to an alpha 
scintillation phosphor. On bombardment by 
the alpha particles, the phosphor emits an 
individual light flash for each particle ab- 
sorbed. These scintillations of light are 
measured by a light-sensitive device, such 
as a photomultiplier. The information from 
the photomultiplier can then be read as cur- 
rent or by pulse-counting techniques. 

In order to replace the bulky 1 liter flasks 
described by VanDilla and Taysum,® of the 
University of Utah, and to permit more 
rapid evaluation of samples, these authors 
devised procedures for obtaining samples 
for radon in Ehrlenmeyer flasks which had 
been coated on the inside with zinc sulfide. 

Pittendrigh devised a portable scintillation 
detector for measurement of radon concen- 
trations in the Portugese mines. This device, 
which weighs about 50 Ib., was semiportable 
and contained a hand-operated pump for 
drawing the sample through the chamber, 
an ion trap for the removal of particulate 
materials, and a replaceable phosphor to 
permit removal of contamination. The equip- 
ment performed satisfactorily in the labora- 
tory, but, unfortunately, was not fully 
successful in the field.* 

Cowper and Simpson at Chalk River made 
a scintillation detector primarily for the 
counting of daughter products.* This was a 
laboratory device that was not designed for 
field use, 
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Because this laboratory was committed to 
make an extensive study of some under- 
ground uranium workings, it was considered 
that it would be extremely useful to have a 
portable detector which would permit evalua- 
tion of radon gas and daughters remote from 
laboratory facilities. In the course of de- 
veloping the device, it was found to be both 
desirable and feasible to design one device 
that would permit a direct measurement of 
radon in mine air, and as well be usable as an 
instrument for measuring samples which 
were collected at remote locations, either in 
a flask as a radon gas in equilibrium with its 
daughters or as daughter products precipi- 
tated on a filter. 

The following basic specifications were 
laid down for the instrument: 

1, The instrument should be sensitive enough to 
measure at least 50upc/liter of radon. 

2. The maximum range of the instrument should 
permit measurement as high as 100,000uuc/liter. 

3. The instrument should be capable of pro- 
viding a direct reading of concentration, preferably 
on a rate meter rather than by scaler technique. 

4. The instrument should be built in a rugged, 
shippable container not requiring packing. 

5. The instrument should be portable, both di- 
mensionally and by weight. This was interpreted 
as less than 30 lb. with a maximum dimension 
of 18 in. 

6. The instrument should be designed for semi- 
continuous operation with relatively long battery 


life. 


Fig. 1—Final sampler and case. 
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Fig. 2.—Schematic diagram of radon detector. 


7. The instrument should be operable in high 
ambient temperature and hrmidity. 

The sampler, as finally developed, is 
shown in Figure 1. Figure 2 shows a 
schematic diagram of the unit. The sample 
is introduced through a filter, which removes 
the daughter products and dust from the air 
stream, into a glass flask. This flask, which 
was fabricated by A. B. DuMont Labora- 
tories, Inc., is identical in size and shape with 
the DuMont photomultiplier tube used for 
the light pulse measurement in this equip- 
ment. The flask is internally aluminized and 
made sensitive to radiation by the application 
of a thin layer of zine sulfide phosphor. The 
phosphor is applied by filling the flask with 
a 5% solution of silicone oil in a 50-50 mix- 
ture of benzene and cyclohexane. This 
mixture is then poured out and the inside 
of the flask air dried for a few seconds. A 
small quantity of the phosphor is then placed 
in the flask and shaken. A thin layer of the 
zinc sulfide phosphor adheres to the entire 
interior surface. The nonadherent excess of 
phosphor is shaken out, and the inside is 
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blown out with a low-velocity air stream. 
The flask is then closed with a two-hole 
rubber with white tygon 
paint. The sample is drawn through the flask 
by means of copper tubing as shown in 
Figure 1, which shows a coated flask. A 
small vacuum pump, manufactured by Gast 


stopper coated 


Manufacturing Company, draws the sample 
through the flask. The pump is operated at 
2.4 volts and draws air through the flask 
at the rate of 3 liters per minute. The flask 
is mechanically and optically connected to 
the photomultiplier tube by means of a high 
viscosity silicone oil, 

A series of tests were run to determine 
how much of the interior should be coated. 
The test data are tabulated below: 


Response, 
Condition % of Alphas Counted 
Fully coated interior 70 
Interior, front face only 35 
Interior, side walls only 56 


Although some light is lost in transmission 
through the coated surface, it is evident that 
coating the entire interior gives the most 
efficient operation. 

The circuit diagram of the equipment is 
available on request (Drawing #D-1297). 
The high voltage is a cascade generator with 
alternating current wave form fed to the 
zener diodes and the first rectifier stage. 
The voltage on the second rectifier stage is 
double the peak voltage and, because of the 
position of the rectifier, is negative with re- 
spect to ground. Each succeeding step on 
the left of the condenser chain is 
brought up to an equal increment of potential 
except for the voltage drop through each of 
the rectifiers. Since it is necessary to have 
the cathode 150 to 200 volts away from 
dynode one, two stages of capacitors and 
rectifiers are used at this point. The input 
A. C, voltage is fixed by the zener diodes 
in the transistor high voltage supply. 


side 


The high voltage supply operates effi- 
ciently and is adequate for this purpose. In 
considering the operation of the photo- 
multiplier tube, the cascade condenser ar- 
rangement has sufficient regulation even for 
high count rates. The A. C. voltage from 
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the transistor generator is at approximately 
400 cps; hence each condenser is recharged 
each 1/400 second. The capacitors, even 
with an average current drain of 1 micro- 
ampere will drop less than 1 millivolt until 
they are recharged. This should not cause 
a variation in the output reading. 

The transistor high voltage supply is a 
standard feedback oscillator which draws 10 
milliamperes at 4.5 volts. 

The ratemeter circuit is a2 vacuum tube 
trigger pair using OK537AX tubes (Ray- 
theon Manufacturing Company). Since this 
circuit was designed to deliver high current, 
it is feasible to have four basic counting rate 
ranges which are divided into two ranges, 
each giving eight full scale ranges at: 100 
c/m; 300 c/m; 1,000 c/m; 3,000 c/m; 
10,000 ; 30,000 c/m; 100,000 c/m. The 
meter is desensitized on alternate switching 
ranges by a 40 microampere shunt so that 
the effective counting rates are as shown 
above. The circuit is shunted with a 1000 
microfarad condenser for the long time 
constant reading. 

The output pulse of the miltiplier photo- 
tube is approximately 0.75 volt and will 
reliably drive the grids of the CK537AX 
trigger tubes which require an input of 0.25 
volt. 

The batteries for the electronic circuit 
have been designed to provide continuous 
service for at least 40 hours, so that in nor- 
mal use the instrument will not require an 
electronic circuit battery change oftener than 
once a month on the basis of a two- to four- 
hour survey period during a working day. 

In order to: change the sample flasks, the 
entire multiplier assembly must be lifted 
out. This design was decided upon as a 
safeguard, disconnecting the system electri- 
cally so that light will not damage the 
multiplier tube. The flask is held in place 


_ by means of the silicone oil, and the rubber 


tube connectors permit rapid replacement. 
Power is supplied to the air mover by 
means of two Dynaseal cells DY-9 (Dyna- 
seal Lighting Corporation DY-9), With a 
battery load of approximately 3.5 amperes, 
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the 9 ampere hour batteries provide an op- 
erating cycle of approximately 21% hours of 
continuous running. This was generally 
sufficient to last a full day of measurement. 
The batteries are recharged through a 
charger connected to the A. C. power line. 

Laboratory calibration of the instrument 
indicates a background of 15 counts/minute. 
Full scale on the lowest scale reads 100 
counts/minute. This is equivalent to 
250yupc/liter of daughter-free radon. When 
the sample is brought up to full equilibrium 
with the daughter products, a full scale 
reading is achieved with 150pupc/liter. This 
latter calibration is used for the measure- 
ment of samples which have been obtained 
from contaminated locations and counted 
at a later time when equilibrium has been 
reached. The calibration curves of the in- 
strument are in Figure 3. 

In the course of making and testing the 
phosphor surface, it was found that a certain 
amount of residual energy is retained in the 
phosphor. In Figure 4 are shown the ap- 
parent counts/minute which were recorded 
from a newly plated clean phosphor. As can 
be seen, the phosphors decay approximately 
to background in about one and one-half 
hours. It is important to recognize this fact 
when installing new screens in the flasks. 

Another experiment was carried out to 
establish the optimum size of the phosphored 
flask and detector. In Figure 5 is shown a 
comparison of the response of the 3 in, flask 
using a 3 in. photomultiplier and a 5 in. flask 
using a 5 in. photomultiplier. From these 
data it can be seen that in each case the 
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Fig. 4—Decay of clean phosphor. 


detector registered approximately 1.5ypc/ 
liter/count/minute at equilibrium. This is 
attributed to the better geometry of the 
smaller flask. Inasmuch as the 3 in. unit 
appeared to be equally as sensitive as the 5 
in, unit, it was chosen on the basis of size 
and weight. The instrument has been used 
as an alpha counter to measure very low 
concentrations of radon daughters. In this 
case, the phosphor is applied directly to the 
face of the counter tube. This is done by the 
manual application of a very thin film of 
the silicone followed by a dusting of the 
phosphor on to the surface. The dust samples 
were mounted in a ring and disc arrange- 
ment covered by a mylar film (1.68 mg/sq. 
cm.) to prevent contamination of the phos- 
phor. Under these circumstances, 25% of 
the alphas produced in the sample were 
counted. This compares favorably with 40% 
efficiency of laboratory equipment.® 


TABLE 1.—Radon Detector Calibration—C ontinuous 
Operation 


Radon Detector 


Ionization 


C/M wuc/ Liter Chamber 
Constant Atmosphere 
9:40 45 7 
10:05 65 100 95 
10:20 45 70 7l 
10:40 50 75 75 
11:00 55 80 80 
11:20 45 70 
11:40 42 65 60 
Variable Atmosphere 
10:00 17 25 45 
10:30 &5 130 150 
11:00 215 330 340 
11:30 190 280 
1:00 55 80 60 
1:30 100 150 180 
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Fig. 5.—Flask response at 8Oppc/liter 


It was believed that during sampling depo- 
sition of daughter products on the walls of 
the collector would result in a gradual build- 
up in background. Several tests were run 
to determine the degree of this build-up. 
Samples were taken over a period of two 
hours by drawing air through the instrument 
at a rate of 3 liters per minute. In Table 1 
are the results of these samples. It can be 
seen from the above that at a concentration 
of approximately 50pyc/liter there is no 
significant build-up in daughter products on 
the interior of the flasks during two hours 
of sampling. It was found in field tests, 
that when 
made in a very high radon concentration, 
significant contamination was in fact re- 
tained on the inside of the flasks. This was 
found when the radon concentration ex- 
ceeded 1,000unc/liter. When this situation 
was encountered, the counting flask was re- 


he ywever, measurements were 


placed. 

In field use the instrument proved to be 
very satisfactory. It was possible to obtain 
continuous measurements of radon in mine 
atmospheres over a range of from 25ypc/1 
to as high as 20,000ppc/l. Most of the 
measurements were taken in atmospheres 
containing between 50 and 500pupye/l. Under 
these conditions small variations in the radon 
content caused by entering new air currents 
or by going into areas having very little air 
movement were easily and instantaneously 
detectable. 

Table 2 lists some of the field results 
which could be cross-checked with other 
methods of analysis. 
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TABLE 2.—Typical Field Readings 


There were some deficiencies of the in- 
strument which were revealed in field use. 
In going from cooler to warmer high 
humidity areas, condensation of moisture 
occurred all over the instrument surfaces. 
In one condition, at a wet bulb temperature 
of 96 F, the condensation was so severe 
that droplets of moisture completely covered 
the face of the instrument. Several times 
under such circumstances the high voltage 
of the instrument shorted out, resulting in 
a constant anomalous high reading. This 
condition remained for a period of time, de- 
pending on the degree of condensation. In 
most cases, it cleared up as soon as the in- 
strument reached a lower humidity area. 
However, under the worst situations, the 
condition persisted until the instrument was 
returned above ground and warmed by the 
sun. 

Although the total weight of the instru- 
ment is only about 21 Ib., it became uncom- 
fortable to carry after several hours of 
surveying. 

There are certain electronic modifications 
which would have been made had time per- 
mitted. These include a fully transistorized 
circuit, and the use of a single battery volt- 
age. 


70 Columbus Ave. (23). 


Radon Detector 


Flask 
250’ Return 3,000 2,500 
350’ Return 600 
400’ Return 1,800 
400’ Intake 600 
500’ Dead end 12,000 
Upcast 90 
Upeast 75 


Sample Results, uc’ of Radon 


lonization Chamber 


Vibrating Reed 


Dust 


Scaler 
2,200 2,800 
470 460 
1,300 
700 
11,000 12,400 14,000 
50 
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The Biological Action of Degussa Submicron 


Amorphous Silica Dust (Dow Corning Silica) 


V. Injection Studies 


One of the most thoroughly probed ways 
of assaying the biotoxicity of industrial 
dusts is the injection method. In compari- 
son with inhalation studies, such as have 
already been reported for the Degussa 
submicron amorphous silica dust,’* the in- 
jection technique is decidedly limited. In- 
halation studies on large series of animals 
are expensive and time-consuming and can 
be conducted properly only in laboratories 
where the skills of engineers as well as of 
biologists are available. These disadvan- 
tages are not shared by injection studies. 
Such investigations are, however, unnatural 
in the sense that there are few circum- 
stances under which industrial dusts are 
likely to enter the body other than via the 
respiratory or alimentary tracts. Dusts may 
penetrate subcutaneous tissues as a result of 
cuts or lacerations and cause local reactions. 
The capacity of beryllium compounds to 
evoke subcutaneous granulomata, for in- 
stancc, served as a clue in the earlier recog- 
nition of the pulmonary phases of chronic 
beryllium disease. A few decades ago atten- 
tion was drawn to postoperative abdominal 
adhesions resulting from the introduction 
of tale dust applied to surgeons’ gloves. 
This was an undesirable result of the arti- 
ficial introduction of a supposedly inert dust 
into the peritoneal cavity. On the contrary, 
the facility with which asbestos dust induces 
~ Recorded for publication April 15, 1957. 
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a fibrocellular, highly vascular, massive 
granulomatous process in parts of the lung 
which are kept in a state of constant motion 
has been advantageously exploited in the 
Beck cardioplasty procedure for reconstitut- 
ing the coronary circulation. A knowledge 
of the capacity of dusts of various kinds to 
produce tissue reactions elsewhere than in 
the lungs, therefore, has various practical 
applications. Rare industrial accidents may 
occur in which workmen may be tempo- 
rarily forced to inhale massive quantities 
of dust when they are temporarily smoth- 
ered under an avalanche of the material or 
are accidently immersed in such a dusty 
product or a sludge of it. Under such cir- 
cumstances it would be of immediate prac- 
tical interest to know what harm such a dust 
can inflict when introduced into a lung by 
injection, 

The greatest value of injection studies, 
however, lies in the opportunity they afford 
to quantitate the relative pathogenicity of 
dusts of various types, particle sizes, con- 
centrations, or other physical or chemical 
characteristics. Thus, by paying particular 
attention to the reactions in specific target 
organs, such as the liver and the kidney, 
the biological action of quartz dust and 
especially its fibrogenic action and its tox- 
icity for parenchymal cells have been sys- 
tematically explored.*** The method has 
also been applied to a systematic inquiry 
into antidotal substances, particularly alu- 
minum." 

Injection studies with Degussa submicron 
amorphous silica dust (Dow Corning Silica) 
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served a further valuable purpose. So many 
of these synthetic silicas have been placed 
on the market that their systematic biologi- 
cal assay by the inhalation method has 
become a formidable proposition, particu- 
larly as many of these dusts are merely 
experimental, while the purpose of the bio- 
assay would be to decide whether or not 
to risk manufacturing a particular silica. 
By calibrating the results obtained through 
a simultaneously conducted series of inhala- 
tion and injection studies, it was hoped to 
discover short cuts to the understanding of 
the toxicity of amorphous silica dusts 
subsequently submitted for study. The re- 
sults obtained partly furnished such an- 
swers. In addition, the studies yielded 
several observations of considerable general 
biological interest. 


Materials and Methods 


The Degussa dust studied was, of course, 
from the same batch of Dow Corning Silica 
described in connection with the inhalation 
experiments. Preparation of the dust for 
injection purposes did not prove difficult. 
The particles were readily suspended in 
isotonic saline solution and did not tend to 
agglomerate. Being of comparatively slow 
and low solubility (162 mg. per liter), only 
a small proportion of the dust particles was 
lost while preparing the suspensions. This 
was considered satisfactory, as one of the 
objectives of the injection studies was to 
deposit the amorphous silica particles in 
various tissues to be retained there suffi- 
ciently long to exert their local action. The 
suspension proved to be slightly acid. 

All suspension batches were prepared im- 
mediately before they were to be used. Aft- 
er petrographic examination to insure 
freedom from large clusters which could 
induce emboli, each batch was. sterilized. 
The dosages used were equated to those 
previously found suitable for studies of this 
kind. Thus, while the dust was introduced 
in concentrations sufficiently high to evoke 
delayed tissue reactions in animals that sur- 
vived, these dosages were not yet high 
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enough to cause instantaneous death. In 
some categories of animals a_ high pro- 
portion died relatively early. The survivors 
were killed for study at appropriate inter- 
vals. The results of these injection experi- 
ments are summarized in Tables 1, 2, and 3. 


Intraperitoneal Injections in Guinea Pigs 


The method employed consisted of intro- 
ducing 2 cc. of a sterilized 10% suspension 
by weight in saline solution into the peri- 
toneal space of each of two guinea pigs. 
oth animals died on the second day after 
injection from a generalized acute peritoneal 
inflammatory reaction which had the char- 
acteristics of chemical peritonitis. This 
tendency toward death from peritonitis has 
been noted previously in investigations of 
other varieties of amorphous silica dust. At 
autopsy the lungs of these animals showed 
slight congestion and the spleen appeared 
acutely swollen (Table 1). There was 
a slight amount of fluid in the abdomen, 
with multiple adhesions between the in- 
testines and some fibrin deposition over the 
surface of the liver. The omentum was also 
caked together by these adhesions. The re 
mains of the injected dust could be found 
in relation to these reactions. No other or- 
gans appeared to be involved. Histological 
study of the abdominal organs was _ not 
carried out, as the animals had died too 
soon after the dust was introduced to 
render this worth while. 


Intratracheal Injections in Rats 


ach of 10 rats was to receive three 
intratracheal injections of 0.25 ce. of a 5% 
suspension of the Degussa dust in saline 
solution at weekly intervals. Each animal 
thus was intended to receive a total dose of 
37.5 mg. Three of the animals died before 
the third injection could be given; two died 
after receiving the first injection only. 
Among the rats which survived long enough 
to receive the three injections, there sub- 
sequently was a relatively high death rate, 
only three animals remaining alive for 


Vol. 16, Dec., 1957 


4 
dos 
ir 
4 


+++ +++ 
+ + bed 

+4 
isns %1 v jo ‘99 ¢ xl gsop 
++ 
++ 


+ 
+ 


snp oy) JO v Jo UOT yoofurt sod osop 


JOUIN) +++ 
+ 


+ + 

+ 
+++ 


+ 
++ 


+++ 


t 


+ 


Isns v jo uopofuy sed osop vourny 


+4 

++ 

++ 
+ 


ISNP JO 


‘sopon 


STH Jo 
40 
suopbefuy 
jo 


Sydouqied 4 


A 
‘poled 
‘qunow y [8101 
“ON 


Jo 


osvsoq 


usul0pq V AouptM 


juasafiq fo sjounup fo suvbs—Q (vig Buiusoy Mod) ISNT PINS snoygaomp vssnbaq fo 


of 
| 
| 
| 4 + | 
| | | 
+ 
| + | 
| + | 
| | | 
we | 
tt | 
t+++tt 
Tr ++ 
+ 
+t} 
+t 
+ Hi 
mn 
AA 
| 


A, fibrocellular focus of diffuse pulmonary reaction: Rat 1231-21; killed one month after 
receiving 37.5 mg. of Degussa submicron amorphous silica dust by intratracheal injection; 
hematoxylin and eosin, X 800. 

B, focal cellular proliferation in alveolar walls: Guinea Pig 1231-31; killed one month 
after receiving an intratracheal injection of 75.0 mg. of Degussa dust; hematoxylin and 
eosin, & 800. 

C, diffuse fibrosis in pulmonary parenchyma: Rat 1231-22; killed eight months after 
receiv'ng an intratracheal injection of 37.5 mg. of Degussa dust; Mallory, & 175. 

D, residual fibrocellular pulmonary scar: Guinea Pig 1231-35; killed eight months after 
receiving an intratracheal injection of 75.0 mg. of Degussa dust; hematoxylin and eosin, & 175 

All photomicrographs are reduced approximately 20% from the stated magnification. 
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Plate I 


deliberate killing. There is a natural hazard 
attendant on the intratracheal injection of 
substances; hence the tendency to cause 
death is usually higher when this technique 
is adopted than with inhalation procedures. 
However, subsequent inspection of the 
thorax revealed that none of these animals 
died from accidental injury to vital struc- 
tures in the chest. They all died as the 
result of the introduction of the dust. 

Pleural effusion was observed in four 
rats of this series. In two cases this re- 
sponse was delayed, and in one of these 
empyema eventually supervened, the animal 
surviving to the 220th day. Pulmonary con- 
gestion was prominent in three of the rats 
and less marked in three more animals. The 
persistence of this sign into the ninth month 
should be noted (Table 1). Consolidated 
foci appeared in the lungs after the first 
month. All these lesions were instances of 
the tissue reaction to the dust. In some of 
the rat lungs the greater part of a single 
lobe became involved in a reactive process. 
No atelectasis was observed, but emphysema 
occurred in half the animals, being of 
marked severity in two instances. The 
tracheobronchial lymph nodes were moder- 
ately to markedly enlarged, firm, and con- 
gested for only the first five months after 
the dust had been injected. None of the 
extrathoracic organs exhibited any macro- 
scopic abnormality which appeared to be 
related to the artificially induced pulmonary 
disease. 

The histological changes associated with 
these intratracheal injections summa- 
rized in Table 2 and are portrayed in Plate 
1, A and C. A pneumonitis oc -urred during 
the earlier phases. Occasior ally there was 
accompanying abscess formation. The main 
component cells in these pneumonitic areas 
appeared to be macrophages. In animals 
which survived 12 days or longer, focal 
granulomatous processes were seen through- 
out both lungs. Many of these lesions were 
very large. During the first month these 
granulomata consisted mainly of macro- 
phages, among which could be found 
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plasma cells, some collagen strands, and 
some dilated capillaries. With the passage 
of time these lesions became more numerous 
and larger until the end of the first five 
months, where after they decreased progres- 
sively although they did not disappear en- 
tirely. Hyperemia of the alveolar walls 
could be seen in the earlier stages but dis- 
appeared later. A diffuse tendency toward 
infiltration of the alveolar walls was ob- 
served in all animals. Most of these infil- 
trating cells were macrophages. Later, 
plasma cells also appeared, as well as iso- 
lated giant cells. Eosinophilic leucocytes 
were a transient feature. 


Collagen early became profusely and 
progressively deposited in the alveolar walls 
and also in relation to the focal granulo- 
mata. There was a moderate degree of cell 
necrosis in the more massively infiltrated 
areas in the earlier phases. 

Macrophages, accompanied by some exu- 
dation, soon accumulated in the alveolar 
spaces. Focal areas of atelectasis could be 
found throughout the course of the observa- 
tion period. The emphysema seen on gross 
inspection could now be confirmed micro- 
scopically and appeared to be progressive 
in character. Damage to the bronchioles 
became a marked feature, particularly in 
those areas where pneumonic changes and 
granulomata developed. Many of the bron- 
chioles became completely occluded and 
grossly distorted, either by cicatricial con- 
traction around them or by cellular infiltra- 
tion into their walls. The pulmonary 
vasculature in most cases did not undergo 
a serious degree of damage. In isolated mas- 
sively infiltrated areas there was some 
cicatricial contraction of blood vessels. The 
pulmonary lymph nodes showed a slight to 
moderate degree of macrophage invasion 
after the first two weeks, preceded by a 
hyperemic reaction. Some fibrosis was sub- 
sequently noted in the lymph nodes, but was 
very limited and this was the more remark- 
able in view of the fact that the fibrous 
changes in the lung were so prominently 
developed. small 


amount of necrosis 
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could occasionally be seen in the lymph 
nodes in some of the rats shortly after the 
first few injections. 


Intratracheal Injections in Guinea Pigs 


The guinea pigs received about double the 
dose of suspended Degussa dust which was 
administered to the rats. Only two animals 
died at the end of two weeks and the re- 
mainder could thereafter be sampled at suit- 
able intervals. 

The significant features observed at 
autopsy were relatively few and were con- 
fined to the lungs. There were no pleural 
reactions and no congestion. <A _ limited 
number of consolidated areas were palpable 
in a few animals. These differed from those 
observed in the rats in being multiple and 
dispersed rather than being grouped to- 
gether within a limited zone. Instead of 
emphysema, multiple foci of atelectasis, 
some fairly extensive, occurred in these 
guinea pig lungs. The tracheobronchial 
lymph nodes were only moderately enlarged 
in all but two instances and were only 
moderately firm an injected. In the two 
exceptions there was marked enlargement 
of the tracheobronchial lymph nodes. It 
should be noted that these lymph node 
changes persisted to the end of the year 
during which the animals were under study, 
whereas in the rats lymph node enlargement 
ceased after four months. 


The histological changes differed sharply 
in the two animal types studied. In the 
guinea pigs, cellular phenomena predom- 
inated and later became reversed, with a 
very limited amount of residual fibrotic 
change. In the rats, on the contrary, there 
was a more marked stromal reaction with a 
greater amount of residual fibrosis. Gran- 
ulomata occurred in the guinea pigs during 
the first month only and tended to be 
smaller and more numerous than those in 
the rats. The guinea pig granulomata were 
almost entirely cellular and were periductal 
and peribronchiolar in distribution. Alveo- 
lar mural hyperemia was a transient feature 
and necrosis was observed only in the two 


504 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


animals that died on the 15th day. The 
tendency toward cellular invasion of the 
alveolar walls was particularly well devel- 
oped in these guinea pigs (Plate I, B), 
macrophages predominating. Many of the 
cells remained applied to the surfaces of the 
alveolar septa. There were fewer plasma 
cells in the guinea pigs than in the rats, but 
giant cells and eosinophils occurred in 
greater numbers in the guinea pigs. 

All the cellular elements diminished in 
prevalence with the passage of time. A 
limited amount of collagen appeared within 
these receding focal lesions, and residual 
fibrocellular scarring was minimal ( Plate I, 
D). The lesions found in the rat lungs at 
an equivalent stage contrasted sharply with 
these reactions in the guinea pig in that 
collagen formation in the rat lungs was a 
progressive process. 

Slight to moderate atrophic vesicular 
emphysema became microscopically detect- 
able during the second half of the year of 
observation. Focal atelectasis was consist- 
ently present and may have been due to the 
mechanical bronchiolar obstruction caused 
by the introduction of the dust or may re- 
flect a more specific bronchospastic response 
to the foreign substance. Bronchiolar dam- 
age was considerably less in evidence in 
the guinea pigs than in rats. The absence 
of necrosis in the lymph nodes is _note- 
worthy, and the development of fibrous 
tissue, though slight in extent, is significant 
in view of the limited collagen response in 
the lung parenchyma. 


Intravenous Injections in Rabbits 


The plan of this experiment was to 
introduce into each of five rabbits 20 bi- 
weekly intravenous injections of 5 cc. of a 
1% suspension of the Degussa dust in a 
saline solution, thus aiming at a total dose 
of 1 gm. This series of injections could be 
completed in only three of the five animals. 
The first rabbit died on the fourth day, 
i. e., one day after the second injection, 
thus receiving a total dose of 100 mg. only. 
The se.ond animal died 35 days after the 
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start of the injections, after having received 
10 injections and thus a total dose of 500 
mg. The third animal survived all 20 in- 
jections but died on the 70th day. The last 
two animals were killed on the 120th day 
and the 300th day, respectively, each having 
survived the full course of injections. 


The gross effects produced by these in- 
jections are summarized in Table 1. There 
was a slight to moderate pleural effusion 
with underlying pleuritis in all but one 
animal. The rabbit which survived longest 
also had a mediastinal abscess. The lungs 
showed marked to moderate congestion, Te 
congestion was greatest in those animals 
that died earliest but persisted even in the 
rabbit that survived until the 300th day. 
There was no tendency toward focal con- 
solidation, but 
could be seen in the animal which died on 
the 35th day and in the animal which was 
killed on the 300th day. The tracheobron- 
chial lymph nodes, although somewhat in- 
jected, tended not to be markedly enlarged, 
nor were lymph nodes elsewhere in .the 
body significantly increased in size. The 
heart appeared to be enlarged in three 
animals. In each case the right ventricle 
was dilated and hypertrophic. This phenom- 
enon was most marked in the animal which 
died earliest and was least detectable in the 
later animals. This is a surprising finding 
in view of the histological features in the 
lung. The liver showed considerable reac- 
tion. It was moderately to markedly en- 
larged in the earlier phases of the disease; 
it soon became pale and eventually quite 
blanched, and at the same time it became 
progressively firmer until the 120th day. 
Still later, in the animal killed 300 days 
after the start of the experiment, the liver 
appeared on gross inspection to have re- 
turned to normal. There was some spleno- 
megaly in the animals that died on the 4th 
and the 35th day, but atrophy of the spleen 
was observed in those that died or were 
killed at later stages, atrophy being most 
marked in the animal that survived 300 
days. The size of the kidney increased 
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progressively with the passage of time. The 
kidney in the animal killed 300 days after 
the start of the experiment was almost 
double the normal dimensions. Some ascitic 
fluid was found in the abdomen of the 
animal killed on the 35th day, but this 
finding did not appear in later animals. 

The histological changes induced by the 
intravenous injection of the Degussa dust 
into rabbits have been summarized in Table 
3 and are illustrated in Plates II and III. 
In the lungs a moderate to well-marked 
mural hyperemia occurred in the earlier 
phases of the experiment, with an associated 
exudate into the alveolar spaces. The hy- 
peremia occurred focally in the animal 
killed on the 300th day but was now un- 
associated with any alveolar edema. A 
measure of ischemia existed in some parts 
of the lung and was most marked in the 
animals inspected on the 7th and 120th days. 
While the hyperemia predominated in the 
animals which died on the fourth and on 
the 70th day, ischemia was most prevalent 
in the animal surviving 300 days. Dust- 
filled macrophages could be found in the 
alveolar spaces in most of the rabbits, 
providing evidence that, although the dust 
was introduced intravenously, some of it 
was transferred to the alveolar spaces. This 
observation fortifies the concept that these 
alveolar macrophages remove dust particles 
from the lung both by transferring them to 
the lymphatic system and by evacuating 
them via the respiratory tract. A slight to 
moderate amount of infiltration of the al- 
veolar walls, mainly by macrophages, was 
seen in all animals. These cells tended to 
accumulate focally to form small granulo- 
mata (Plate II, 4), which persisted until 
the 120th day. By this time a slight to 
moderate amount of interstitial mural col- 
lagen could be discerned and this change 
was diffusely present in the animals exam- 
ined after the 70th day. The alveolar walls 
were broadened considerably in the first 
of these rabbits but in later stages became 
relatively thin. There was some perivascular 
macrophage and plasma cell invasion (Plate 
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Plate II 


A, cellular granuloma in alveolar wall: Rabbit 1231-13; died one month after receiving 500 
mg. of Degussa submicron amorphous silica dust by intravenous injection; hematoxylin and 
eosin, X 350. 

B, pulmonary perivascular cellular infiltration and mural fibrosis: Rabbit 1231-12; died 
two months after receiving 1,000 mg. of Degussa dust intravenously; hematoxylin and eosin, 
175. 

C, Kupffer cell hyperplasia and hepatic cell atrophy: Rabbit 1231-13; died one month after 
receiving 500 mg. of Degussa dust intravenously; Mallory, & 350. 

D, advanced Hepatic Cell Atrophy and Sinusoid Infiltration: Rabbit 1231-12; died two 
months after receiving 1,000 mg. of Degussa dust intravenously; Mallory, & 350. 

All photomicrographs are reduced. approximately 20% from the stated magnification. 
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II, B) and also a comparable degree of 
peribronchial and peribronchiolar cellular 
invasion during the earlier phases of the 
injections. This feature disappeared later 
and apparently left no residual damage in 
the lung. 

The lymph nodes both of the tung hilus 
and of the hepatic porta were slightly to 
markedly invaded by macrophages. In the 
animals examined at later stages, e. g., on 
the 120th day, numerous giant cells were 
present in addition to the macrophages. 
Associated with this invasive phenomenon, 
there was commensurate decrease of 
lymphoid tissue. Later a slight to moderate 
degree of interstitial fibrosis became super- 
imposed, 

The liver presented an interesting series 
of changes. Progressive atrophy of the 
hepatic cells was observed in the first three 
animals that died (Plate II, C), and this 
change reached a most marked degree in 
the animal that died on the 70th day (Plate 
II, D). Many of the hepatic cells were 
markedly abnormal. At the same tine, 
Kupffer cells proliferated in the liver 
sinusoids, and this process reached its most 
extreme degree in the animal that died on 
the 70th day. In animals which survived 
beyond this stage, the hepatic changes all 
disappeared. The parenchymal cells under- 
went complete regeneration, and the Kupffer 
cells receded. By the end of the 300th day 
the liver appeared normal in every respect. 

The spleen exhibited a corresponding 
seriation of histological changes, In the 
animals that died first the dominant feature 
was a marked to medium grade of hy- 
peremia. This splenic congestion was ac- 
companied by progressive loss of the 
lymphoid components, so that in the animals 
that survived the longest the lymphopenia 
was moderately advanced. At the same time 
a moderate degree of interstitial fibrosis 
supervened, and in the rabbits which sur- 
vived to the 120th and 300th days, respec- 
tively, the spleen appeared to be composed 
mainly of collagen and muscles, as a result 
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of the depletion of its normal cellular con- 
stituents. 

No discernible reaction to the injection of 
the dust was noted in the pancreas. The 
bone marrow underwent minor initial hy- 
perplasia which was followed by slight atro- 
phy. 

Some of the most interesting reactions 
occurred in the kidney. In the animals that 
died shortly after the commencement of the 
injection series there was marked cloudy 
swelling and minor focal necrosis of the 
epithelium, mainly of the convoluted tubules 
(Plate III, A). The glomerular tufts 
showed a moderate degree of swelling with 
partial ischemia. At the same time the inter- 
stitial tissue, particularly that lying between 
the tubules, was the seat of hyperemia and 
marked edema. The longer the animals 
survived the more completely these changes 
regressed, while a tendency toward progres- 
sive distention of the proximal convoluted 
tubules, with stenosis of the ascending and 
descending loops, appeared instead (Plate 
III, B). The distention of the tubules was 
brought about by progressive cellular infil- 
tration into the stroma followed by progres- 
sive fibrosis, which was most pronounced 
at the plane of the loops of Henle (Plate 
III, C). This stromal reaction, which con- 
sisted of both collagen infiltration and 
marked reticular hyperplasia, was accom- 
panied by ischemia. The virtual occlusion 
of many of the descending and ascending 
limbs of the loops mechanically obstructed 
the flow of urine the convoluted 
tubules. This accounts for the fact that 
only the proximal convoluted tubules were 
distended. Owing to progessive interstitial 
fibrosis, raany of the distended convoluted 
tubes evidently became secondarily con- 
stricted with resulting plication of their 
mucosa. 


from 


On cross-section some of these 
tubules appear to be filled with multiple 
concentric layers of epithelium (Plate III, 
D). In many instances the epithelium was 
sheared off and was found lying free within 
the tubules. Evidently these epithelial casts 
were too bulky to be evacuated through the 
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Plate III 


A, Cloudy Swelling of Renal Convoluted Tubules and Interstitial Edema: Rabbit 1231-14; 
died 4 days after receiving 100 mg. of Degussa submicron amorphous silica dust by intravenous 
injection; Bielchowsky, x 175. 


B, dilated renal tubules and interstitial nephrosclerosis: Rabbit 1231-11; killed 10 months 
after receiving 1,000 mg. of Degussa dust by intravenous injection; Mallory, X 175. 


C, Cicatrical Stenosis of Loops of Henle: same animal as in B; Mallory, & 175. 


D, Plicated Hyperplastic Epithelium of Proximal Renal Convoluted Tubules: same animal 
as in B; Bielchowsky, X 350. 


All photomicrographs are reduced approximately 20% from the stated magnification. 
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greatly narrowed loops. The excellent pres- 
ervation of the epithelial cells attests to the 
fact that a toxic process was not in force 
at this late stage or at these sites. The 
residual lesion may have been partly me- 
chanically induced. A few of the glomeruli 
showed a limited amount of terminal 
damage only. A minimal degree of col- 
lagenosis could be discerned within some of 
the glomerular tufts, and there was a slight 
tendency toward focal sclerosis of Bow- 
man’s capsule with a small measure of 
pericapsular reticular fibrosis. 


Comment 


omfirmed some of the results 
obtained by and Klosterkotter.* By 
intratracheal an **raperitoneal injection of 
Aerosil (the orig .al German Degussa dust 
product), these authors proved the high 
level of toxicity of the suspended submicron 
amorphous silica dust for rats. They drew 
attention to the contrasting effect of sim- 
ilarly introduced particulate crystalline free 
silica which does not exert an immediately 
toxic effect when injected by these routes, 
though it is capable of inducing deferred 
silicotic granulomata. To account for the 
greater immediate toxicity of the submicron 
amorphous silica dusts, the suggestion has 
been advanced that with such dusts more 
of the silica goes into solution locally than 
happens, for instance, when a quartz dust 
suspension is similarly injected. However, 
factors such as the greater surface area, 
smaller particle size, higher electrophoretic 
mobility, and enhanced protein adsorptive 
capacity of the submicron amorphous silica 
dusts should all be considered. 


Our study 


To counterbalance the greater toxicity of 
the Degussa submicron amorphous silica 
dust in the early stages, shortly after its 
injection into experimental animals, the 
present study brought to light the remark- 
able recovery which is possible later. This 
is the reverse of what happens when 
crystalline free silica is introduced by in- 
jection. Unfortunately, it was not possible 
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to determine the rates of excretion of the 
silica but, as far as could be judged micro- 
scopically, most of the Degussa dust left 
the lung tissue at a relatively early stage. 
The absence of necrosis and collagen dep- 
osition further prompted recovery. 

These investigations elicited a sharp con- 
trast between the collagen-inducing capacity 
by the injection route and the limited degree 
of collagen formation when the dust is 
inhaled. In experimental studies on silicosis 
caused by dusts containing crystalline free 
silica (e. g., quartz) it has been possible to 
demonstrate some measure of correlation 
between the fibrogenesis produced during 
inhalation and injection studies respectively. 
This finding established the value of in- 
jection studies for assaying the biotoxicity 
of quartz-like dusts. The present series of 
results obtained with the submicron amor- 
phous silica dust now casts doubt on the 
value of intratracheal injections, particu- 
larly in rats, in predicting the severity of 
lesions which will develop as a result of 
inhalation exposures to this type of dust. 

The importance of studying tissue reac- 
tions in different animal species is further 
emphasized by our results. Only too often 
the laboratory rat is the only test subject 
in terms of whose biological responses the 
toxicity or otherwise of a new product is 
gauged. Results obtained on rats are fre- 
quently applied without much modification 
to human cases. The differences observed 
between rats, guinea pigs, and rabbits in the 
present instance warn against such facile 
extrapolations of animal results to man. 
Studies on Primates may possibly serve as 
useful intermediary guides. 

It is possible that the exaggerated collagen 
formation in the rat lungs may reflect the 
greater prevalence of latent pulmonary in- 
fections in this animal type. In_ intra- 
tracheal injection studies with quartz dusts 
it is not uncommon to find that a large 
proportion of the rats succumb to inter- 
current peri- 
carditis, formation, or 
bronchiectasis. In only one of the animals 
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of the present series did empyema super- 
vene, and the degree of pleurisy found in 
three other rats was not exceptional. Intra- 
pulmonary infection was conspicuous by its 
absence, in both the rats and the guinea pigs. 
This finding once more poses the question 
whether the Degussa dust exerted some de- 
gree of anti-inflammatory or bacteriostatic 
effect. 

The formation of pulmonary granulo- 
mata in the rabbits which received the 
Degussa dust by the intravenous route is of 
fundamental interest. It has thus far been 
our concept that pulmonary granuloma 
formation is a specific reaction to the inhala- 
tion of certain types of dust. The present 
results show that the route of entry of the 
dust into the lung is not of paramount 
importance, as long as the dust ultimately 
impinges on the pulmonary tissues. In the 
intravenous experiment it has been shown 
that all injected dust particles must first 
pass through the lung before they are 
disseminated to other organs. Evidently there 
is some undisclosed mechanism whereby 
some of the dust particles are arrested 
within the pulmonary capillary bed. Endo- 
thelial cells lining the capillaries no doubt 
phagocytose particles which came into con- 
tact with them; thereafter follow the cel- 
lular granulomata. Whether the constituent 
cells are of endothelial origin or are de- 
rived from the stroma or from the blood, or 
represent alveolar septal cells, could not be 
determined from this study. The interest- 
ing aspect of the matter is that they con- 
gregated focally and that perivascular and 
peribronchiolar cell infiltration also oc- 
curred. The latter development indicates 
that the dust-laden cells reentered the 
pulmonary lymphatics. The occurrence of 
macrophages and giant cells in the tracheo- 
bronchial lymph nodes may, no doubt, also 
be accounted for on this premise. 

The occurrence of cor pulmonale in the 
rabbits that died within the first three 
months after receiving the dust injections 
further emphasizes the tremendous impact 
of the silica on the pulmonary vasculature. 
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By means of a series of interesting experi- 
ments, Antweiler® has recently demon- 
strated the pulmonary vasospastic and 
vasoparalytic effect of siliceous substances. 
The injection of the Degussa dust into the 
veins of rabbits may by the same mechanism 
have led to sustained elevation of the pul- 
monary pressure and thereby have induced 
the cor pulmonale. The mural ischemia 
which was noted in earlier months fortifies 
this concept. The pulmonary vascular ob- 
struction could not have been embolic in 
origin, as the dust particles and even the 
particle clusters were far smaller than the 
internal diameter of the pulmonary capil- 
laries. 

The intravenous injection of quartz dust 
in rabbits usually leads to dense hepatic 
cirrhosis. The Degussa dust induced a re- 
versible lesion only. It is not yet clearly 
understood whether the atrophy of the 
hepatic cells was a sequel to dilatation of 
the sinusoids and proliferation of Kupffer 
cells or whether it occurred as a primary 
toxic manifestation. The fact that the cells 
intervening between broadened sinusoids 
appeared narrowed and the absence of 
intrinsic granular changes or vacuolation 
suggests that at least part of the atrophy 
was mechanically induced. This may ac- 
count for the complete regeneration which 
ensued later and places somewhat greater 
emphasis on the role of chronic passive 
congestion emanating in cor pulmonale in 
the genesis of some of the liver changes. 

The renal and splenic damage evidently 
were specific toxic effects. Lesions of the 
kind found in the kidneys have not pre- 
viously been noted in the large series of 
rabbits which have been subjected to intra- 
venous injections of a variety of other 
types of particulate matter. Evidently the 
peritubular connective tissue of rabbits has 
a specific affinity for submicron amorphous 
silica. 

Summary 


Injection experiments on rats, guinea 
pigs, and rabbits, using the Degussa sub- 
micron amorphous silica dust, are described, 
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the routes explored being the intraperi- 
toneal, intratracheal, and intravenous. 

The intraperitoneal introduction of 200 
mg. of dust in guinea pigs caused death. 
For the majority of the rats the dust also 
proved lethal when administered intratrache- 
ally in a 37.5 mg. dose. Guinea pigs, on the 
contrary, tolerated an intratracheal dose of 
75.0 mg. fairly well. Of five rabbits, three 
died of doses of 100 mg. to 1,000 mg. of 
the dust introduced intravenously, while 
two survived injections of 1,000 mg. 

In rats the main features were diffuse 
pulmonary granulomata in which necrosis 
occurred and collagen formed later. In 
guinea pigs the lesions remained predomi- 
nantly cellular, and these lesions were partly 
or wholly reversible. 

On intravenous injection in rabbits, cor 
pulmonale, hepatic cell atrophy, and inter- 
stitial nephrosclerosis were significant find- 
ings. All lesions except the renal damage 
proved to be reversible. 

The practical and theoretical significance 
of these observations is discussed. 

The Degussa dust used in the experiments de- 
scribed in this series of five papers was the flame- 
process produced silica known as Dow Corning 
Silica and made by Dow Corning Corporation, 
Midland, Mich. A similar flame-process-produced 
silica, Cab-O-Sil, is a product of Godfrey L. 
Cabot, Inc., Boston. The Degussa dust manufac- 
tured in Germany, which was used by the German 


investigators in their inhalation study on rabbits, 
is known as Aerosil. 


Saranac Laboratory. 
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Ozone Toxicity Studies 


III. Chronic Injury to Lungs of Animals Following Exposure at a Low Level 


H. E. STOKINGER, Ph.D.; W. D. WAGNER, B.S., and OLGA J. DOBROGORSKI, M.D, Cincinnati 


It has still to be demonstrated that chronic 
effects on health can occur from exposure 
to urban air pollutants,* although acute ef- 
fects of their inhalation are widely recog- 
nized. It is the purpose of this report to 
present evidence which indicates a_likeli- 
hood that chronic injury to the respiratory 
tract of man may occur at existing levels 
in heavily polluted oxidant atmospheres. 
This evidence was obtained from repeated 
daily exposure of several species of labora- 
tory animals to the air pollutant, ozone, a 
recognized respiratory tract irritant. The 
exposures were at a concentration of 1 :1,- 
000,000 of ozone by volume, a level slightly 
higher than that presently attained in urban 
atmospheres but not outside the possible 
range if air pollution loads increase at their 
present rate. The evidence obtained is in 
the form of a thorough histologic study of 
tissue sections of the lungs and respiratory 
tract of animals. It is interesting and im- 
portant to note that one common measure 
of injury, body-weight loss, showed no 
positive correlation with injury in any spe- 
cies, with the exception of the rat. 


Material and Methods 


Four species of laboratory animals were exposed 
to ozone (Os) for six hours daily, approxi- 
mately five days each week for 268 exposures dur- 
ing a calendar period of 433 days. A small number 
of mice that had been previously exposed to ozone 
were added three months after the start of ex- 
posure. The numbers, species, and initial body 
weights of the exposed and control animals are 
given in Table 1. All animals, both those to be 
exposed and controls, were preexposed to normal 


Submitted for publication June 14, 1957. 

*With the exception, of course, of the long 
recognized case of beryllium (Stokinger, Nu- 
cleonics 5 :50-62, 1949). 
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TABLE 1.—Animal Preexposure Data 


Exposed Control 
Species Average Average 
No Initial Body No Initial Body 

Wt., Gm. Wt., Gm. 
Mouse 10* 22 9° 21 
Hamster Is 57 10 57 
Rat 12 130 12 128 
Guinea pig M4 300 5 300 
Dog 4 9,600 2 0,200 


* Added three months after start of exposure and following 


two 6-hr. exposures to ozone at 1 ppm with intermittent exer- 
cise. 


atmospheres in the contrel chamber six hours 
daily for approximately one month prior to the 
start of the ozone exposure in order to obtain 
data on the condition of the animals and _ their 
suitability for the experiment and to acclimate 
them to exposure-chamber conditions. All animals 
were exposed in individual, compartmentalized 
cages during the daily exposures, with the ex- 
ception of the mice and the guinea pigs, which 
were caged ir small groups. No food or water 
was available to the animals during the daily six- 
hour exposures. While in their housing cages the 
smaller animals had food and Cincinnati tap water 
available at all times. Dogs were fed once daily a 
ration of moistened Borden’s Dog Meal and 
powdered skim milk; the rats, mice, and hamsters 
were fed a diet of Rockland Rat Pellets; the 
guinea pigs, Purina Rabbit Chow, supplemented 
thrice weekly with greens. 

The exposure chamber was a cubical unit with 
conical top of aluminum and = galvanized iron 
construction with a capacity of 100 cu. ft. The 
control animals were exposed in a chamber of 
similar construction and design as the ozone-ex- 
posure chamber, with the filtered, temperature- 
controlled air admitted without the ozonized air 
of the exposure chamber. 

The ozone was generated by a large U. S. Air 
Ozonizer + from silica-gel dried air. The ozone 
was metered into the top of the ozone chamber, 
where it was blended with metered conditioned air. 
The ozone-air mixture was exhausted uniformly 
from the bottom of the chamber through a plenum 
providing approximately one exposure-atmosphere 
change each 10 minutes of operating time. 


; + Scottdale Ozone Company, Scottdale, Pa. 
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TABLE 2.—Frequency Distribution of Ozone Values 
During 433 Calendar Days, 268 Exposure Days 


Taste 3.—Mortali.y of Ozone-Exposed and 
Control Animals at 433 Days 


Hourly Samples Daily Averages 


Ppm O;by Vol. — 
Alk. KI Method No. % No. % 
<0.5 51 3.9 
0.5 -0.74 106 8.2 3 1.1 
0.75-0.99 337 26.0 81 30.2 
1.0 -1.24 551 42.5 161 60.1 
1.25-1.49 183 14.1 2 7.5 
1.50-1.74 38 2.9 1 04 
1.75-1.99 16 1.2 2 0.7 
2.0 -2.34 13 1.0 — —_ 


Air samples for ozone determination were made 
at least hourly throughout the 268 exposure days 
in a midget impinger containing alkaline potassium 
iodide according to the method of Byers and 
Saltzman. Ozone concentrations obtained by ap- 
proximately 1300 determinations averaged 1.06 ppm 
by volume. The frequency distribution of hourly 
ozone values ana daily averaged values given in 
Table 2 show extremely close grouping around 
the mean; 82.8% of all ozone values were between 
0.75 and 1.49 ppm, and 90.3% of the average daily 
values were between 0.75 and 1.24 ppm. Ozone 
concentration peaks between 2.0 and 2.34 ppm 
occurred but 13 times, and on only three days did 
the daily ozone concentration exceed 1.5 ppm. 
The duration of a value in excess of 1 ppm was 
never longer than 15-20 minutes, the time required 
to take and analyze the sample. Partial compensa- 
tion for effects of exposures in excess of 1 ppm 
was achieved by curtailing the duration of the 
exposures on those days so that the product of 
the concentration and the time approximated 6 
ppm hours. 

The average relative humidity of the exposure 
chamber was 57%; of the control chamber, 56%, 
with a range of from 33%-80% and from 25%- 
85% respectively. The average temperature of the 
exposure chamber during operation was 77F, the 
control chamber 76F, with a range of 72-83F and 
71-81F respectively. 

After termination of exposure the smaller 
animals were killed by dislocation of the spinal 
vertebrae, and the dogs were given an overdose of 
pentobarbital (Nembutal). The thorax was 
opened, and the lungs were injected with Zenker’s 
fixative through the trachea and submerged into 
the fixative after removal from the thoracic cavity. 
Only lungs and adrenals were saved for micro- 
scopic examination. The lungs were sectioned 
from apex to base parallel with the trachea and 
major bronchi and included all lobes of the lung. 
The tissue was embedded in paraffin and sections 
were cut 6 in thickness. Hematoxylin and eosin 
was used for routine staining. A few selected 
sections were stained by Mallory’s 
tissue method. 
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Exposed Control 
Species No. lo No. lo 
Dying/ Mortality Dea! Mortality 
0. No. 
Exposed Exposed 
Mouse 7/10 70 7/9 78 
Hamster 2/18 il 5/10 
Rat 7/12 58 3/12 25 
Guinea pig 10/14 71 2/5 a 
0/4 0 0/2 0 
Results 


Mortality—-A comparison of the mor 
tality of the five species of animals exposed 
to ozone with that of the controls shows 
that at the end of 433 days the rat and 
guinea pig had succumbed to ozone at a 
higher rate, 33% and 30% respectively, 
than the corresponding controls (Table 3). 
Oddly, the mortality of the exposed ham- 
sters was far less than that of the controls, 
11% as against 50% for the controls. No 
dogs died as a result of exposure to ozone, 
and no controls of this species died. 

Body Weight——The rats were the only 
exposed species to show less weight gain 
than the controls over the same period of 
433 days (Table 4). All other species meas- 
ured in this respect showed either no body 
weigut change different from controls 
(hamsters) or showed weight gains greater 
than the controls (guinea pigs). No real 
difference in body weight in the control and 
exposed dogs was Observed during the 
period under study. 

Effect of Ozone on the Eye.—Examina- 
tion of the eyes of the four dogs exposed 
to ozone for one year revealed no abnormal 
findings attributable to ozone or findings 
different from those of the control dogs. 


Taste 4.—Mean Body-Weight Change of 
Ozone-Exposed and Control Animals in 


433 Days 
Exposed Control 
2 Mean Body Weight, Mean Body Weight, 
Species Gm. Gm. 
Initial Final % Initial Final % 
Gain Gain 
Hamster 57 115 102 57 115 1 
Rat 130 412 217 128 481 m8 
Guinea pig 300 921 206 300 718 138 
Dog 9,600 10,450 9 10,200 10,000 0 
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The sclerae were normal in color, and the 
corneae were clear. No lesions of the cornea 
were found upon examination with a slit 
lamp. Ophthalmoscopic examination showed 
the lenses to be clear, with no evidence of 
cataract formation. Examination of the 
fundi revealed optic disks to be normal; no 
exudate or hemorrhages were seen on the 
retinae, and the retinal vessels were normal 
in size and in caliber. Externally, no tear- 
ing or exudate was observed. 

Arterial Oxygen Saturation.—Determi- 
nation of this blood value in control and 
ozone-exposed dogs and guinea pigs by the 
ear oximeter ¢ at weekly intervals for the 
first 5 weeks, later biweekly up to 16 weeks, 
revealed the following: The four dogs 


¢ The Waters Corporation, Rochester, Minn., 
Model X-60A. 
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showed no change in oxygen saturation at 
14 weeks, compared with their average pre- 
exposure value, 95% vs. 96%, and com- 
pared with that of average value for the 
controls (96%). Oximeter readings taken 
one year later, while two of the dogs were 
still being exposed daily to ozone, showed 
no change in oxygen saturation (96%). 
Four of five exposed guinea pigs on which 
ear-oximeter readings were made showed 
decreases in oxygen saturation values com- 
pared with the preexposure values ranging 
from 10%-25%, but all these animals died 
of pneumonia, presumably initiated by the 
ozone, within two to eight weeks from the 
start of exposure. The 25% decrease cor- 
responds with a 60 mm. decrease in the 
partial pressure of oxygen on the oxygen- 
hemoglobin dissociation curve, 
serious hypoxemia. 


indicating a 


Fig. 1.—Lung of a con- 
trol guinea pig. (Hema- 
toxylin and eosin; re- 
duced slightly from mag. 
x 160.) 


Vol. 16, Dec., 1957 


SF 
| Cle, 


OZONE TOXICITY STUDIES 


Pathology.—Four guinea pigs that were 
killed at the end of the 433-day exposure 
showed the most pronounced pathologic 
changes of all species examined. The epi- 
thelium of the terminal and_ respiratory 
bronchioles showed varying degrees of 
hyperplasia, causing partial stenosis of the 
lumen. In other portions sloughing of the 
epithelium occurred, and frequently 
the bronchiole was ‘completely denuded. 
The lumina contained plugs of desquamated 
epithelial cells intermingled with polymor- 
phonuclear leukocytes (Fig. 2). Compare 
Figure 1 showing section of lung of con- 
trol guinea pig of same age. Fibrosis of 
bronchiolar walls was present, particularly 
in areas devoid of epithelium. The fibrosis 
extended frequently into the adjacent ductal 
and alveolar walls. The pertbronchiolar 
tissue showed infiltration with lymphocytes 


Fig. 2.—Guinea pig 
exposed to Os. Note the 
denuded bronchiole with 
a cellular plug obliterat- 
ing the lumen. A small 
bronchus shows hyper- 
plastic epithelium and 
thickening of the muscu- 
lar coat. There is cellu- 
lar infiltration of the 
adjacent alveolar walls. 
$-veral alveoli are over- 
distended. (Hematoxylin 
and eosin; reduced 
slightly from mag. X 
160.) 
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and polymorphonuclear leukocytes, and hy- 
pertrophy of smooth muscle bundles was 
present (Fig. 3). A mild degree of emphy- 
sema was found, which can !e attributed to 
dronchiolar stenosis. In ‘he lung paren- 
chyma there were foci oi extensive linear 
fibrosis that obscured the normal pulmo- 
nary architecture in these areas. These were 
considered to be caused by organization of 
pneumonic The intrapulmonary 
bronchi showed desquamation of the super- 
ficial layer of the epithelium and some cellu- 
lar infiltration of the submucosa. The 
lumina contained purulent exudate. In the 
trachea and major bronchi the «1a were 
short and matted; only occasiom. y super- 


areas. 


ficial desquamation was present. Converse- 


ly, in acute exposure 


severe epithelial 
damage in major bronchi is routinely found. 


HET 
iv 
517 


A, M. A, ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 3.—Guinea pig ex- 
posed to Os. Note the 
distorted pattern of the 
bronchioles. There is 
epithelial desquamation 
and fibrosis of bronchiolar 
walls. Peribronchiolar 
cellular infiltration ex- 
tends into adjacent alveo- 
lar walls. (Hematoxylin 
and eosin; 
slightly 
160.) 


reduced 


from mag. X 


The control guinea pigs of the same age 
showed none of the described changes. 

Rats exposed to ozone and killed at the 
433d day of exposure showed some distor- 
tion of terminal bronchioles and alveolar 
ducts (Fig. 4). The walls were slightly 
thickened and infiltrated with chronic in- 
flammatory cells and occasional fibrotic 
strands. The adjacent alveoli were lined 
with cuboidal epithelium and contained 
small clusters of macrophages. There was 
a mild degree of emphysema that did not 
exceed the emphysema found in the unex- 
posed control rats. A few rats in both 
groups showed bronchiectasis, lymphoid 
hyperplasia, and foci of pneumonia com- 
monly found in aged rats. 

in hamsters killed at the 433d day the 
pulmonary lesions resembled those found 
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in the rats. There was some distortion of 
terminal airways with puckered appearance 
of bronchiolar and ductal walls. A mild 
degree of acute and chronic inflammatory 
reaction and occasional fibrotic strands were 
present at the bronchioloductal junction. 
The larger bronchi were within normal 
range. A mild to moderate degree of 
emphysema was present (Tig. 5), although 
no emphysema was found in the control 
hamsters. 

Two dogs were available for microscopic 
examination. In marked contrast to the 
changes seen in the smaller animals, no 
damage was observed in the intrapulmonary 
airways, nor was any damage seen in the 
lung tissue surrounding the terminal air- 
ways. Only the trachea and major bronchi 
showed effects of ozone. This was manifest 
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Fig. 4—Rat exposed 
to Os. The bronchiolar 
walls are slightly thick- 
ened and puckered. Ad- 
jacent alveolar spaces are 
dilated. ( Hematoxylin 
and eosin; reduced 
slightly mag. X 
160.) 


from 


by slight irritation along the epithelium of 
these passages with clumping and shorten- 
ing of the cilia. 

Rats and guinea pigs that died during 
the course of the year’s exposure to ozone 
showed massive pneumonia. No tissue from 
hamsters was saved for microscopic exam- 
ination because of marked 
The larger intrapulmonary 
bronchi of the guinea pigs and rats showed 


postmortem 
autolysis. 


desquamation of the epithelial layer. The 
lumina were filled with eosinophilic granu- 
lar material intermingled with desquamated 
epithelial cells and polymorphonuclear leu- 
kocytes. In the peribronchiolar tissue there 
was massive infiltration with acute and 
chronic inflammatory cells. The bronchioles 
were in most cases denuded. Slight fibrosis 
of bronchiolar walls was encountered in 
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animals that died as early as the 25th 
exposure day. 

In three mice available for microscopic 
examination the histologic findings were in- 
consistent, and no definite conclusions could 
be drawn as to the effects of ozone on the 
respiratory system. 

The adrenals were normal in all species 
except for depletion of cortical lipoid in 
the small animals, 

In conclusion, 1 ppm of ozone was found 
to cause chronic injury to the lungs of 
small animals. The principal site of injury 
was in the terminal airways as manifested 
by chronic bronchiolitis and bronchiolar 
wall fibrosis resulting in tortuosity and 
stenosis of the passages. A mild to mod- 
erate degree of emphysema was evidenced 


in all species of the smaller animals and is 
attributed to the chronic bronchiolar injury. 
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Comment 


This is the first demonstration that a 
definitely characterized air pollutant can 
cause chronic response at concentrations 
only slightly greater than those reported in 
heavily polluted areas. Kotin and Falk? 
have recently shown that incidence of lung 
tumors in mice was increased upon repeated 
contact with a synthetic smog of undefined 
composition, but in which ozone vunques- 
tionably had a part. Smog concentrations 
were estimated at approximately 10 times 
normal for Los Angeles. Thus it would 
seem that there is positive indication that 
chronic effects on health can occur from 
exposures to one of 
pollutants. 


the common air 


A varied range of respiratory tract injury 
was noted among the species exposed to 


ean 


Fig. 5.—Hamster ex- 
posed to Os. Dilatation of 
alveolar ducts and air 
sacs. Peribronchiolar 
cellular infiltration is 
present. ( Hematoxylin 
and eosin; reduced 
slightly from mag. X 
90.) 


ozone. At one end, the guinea pig showed 
the most pronounced fibrotic changes around 
the terminal airways, with extension of the 
fibrous process into the surrounding alve- 
olar tissue, thickening of the walls of the 
air passages, and constriction of these 
passages with consequent emphysema. At 
the other end of the range, the dogs showed 
none of these changes in the deeper part 
of the lung, but showed only evidence of 
mild irritation on the tracheal and bronchial 
surfaces with clumping of their cilia. The 
effects seen in the rat were much less severe 
than those in the guinea pig, and those in 
the hamster were even less so, and no rec- 
ognizable pattern of injury was noted 
among the few mice available for examina- 
tion. Where man fits into this spectrum of 
response cannot be stated with certainty 
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without corresponding evidence from 
exposure information and pathologic exam- 
ination, but the following comparative 
information on dog and man may be re- 
vealing. 

It is obvious that if ozone is to produce 
permanent changes in the deeper part of 
the lung, it must reach these parts in suffi- 
cient concentration sufficiently often. At 
the relatively low ozone concentration used 
in this study, the comparative length of the 
respiratory tract can be a major determinant 
of the concentration of ozone reaching the 
terminal airways. Evidence on this point 
was reported many years ago by Jordan 
and Carlson.* Pulmonary irritation devel- 
oped approximately four times faster in 
tracheotomized dogs and rabbits than in 
animals breathing the same ozone concen- 
tration through the nose. This indicates that 
significant reduction in ozone concentration 
occurs during its passage along the upper 
portions of the respiratory tract. It should 
be noted that it is in precisely this connec- 
tion that the trachea and major bronchi 
were the only portions of the respiratory 
tract affected in the ozone-exposed dogs. 
The length of the respiratory tract of the 
dogs used in these studies was 180 mm. 
from the tip of the nose to the trachea; the 
length of the trachea to the bifurcation of 
the bronchi averaged 175 mm., a total of 
355 mm. of traverse. In man, the corre- 
sponding lengths average 140 mm. and 110 
mm, respectively, a considerably shorter 
total distance, 250 mm. for man, as against 
355 mm. for the dog. The diameters of 
the upper respiratory tract of the dog, 
moreover, are smaller by half than those 
of man, making the dead space in the dog 
approximately two-thirds that of man (100 
cc. vs. 150 cc. for man), thus providing 
more contact surface in the dog for the 
ozone per total distance traversed. The 
minute volume of the dogs was approxi- 
mately 70% that of man. Using these data, 
calculations show the average flow rate of 
ozone per minute per unit of respiratory 
tract surface to be 1.2 times slower in the 
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dog than in man. These comparative values 
indicate that more ozone would reach the 
lower portions of the respiratory tract of 
man than in the dog at equal ozone expo- 
sure concentrations. If one assumes the 
same tissue susceptibility of ozone for man 
and dog, then one would conclude that more 
deep lung injury should occur in man than 
in the dog inhaling the same ozone concen- 
tration. There is some evidence also that 
man is susceptible to at least the acute 
effects of ozone. In isolated instances single, 
short exposures to a few parts per million 
of ozone in man have caused symptoms 
and signs referable to the lung.4° These 
resulted in reduced vital capacity that per- 
sisted in some instances for several weeks 
following the exposure. 

In this type of study in which injury is 
shown to result from concentrations 
of the pollutant, it is of importance that 
rigorous control of the concentration be 
maintained lest superimposed peaks of con- 
centration render impossible strict interpre- 
tation of the relation between stated dosage 
and response. We believe that strict control 
of the exposure concentration has _ been 
met in this study. Reference to Table 2 
shows that on only 3 of the 268 exposure 
days the daily average concentration fluc- 
tuated between 1.5 and 1.99 ppm ozone 
and on but 20 days it ranged between 1.25 
and 1.49 ppm. Since on such days the 
exposures of the animals were foreshort- 
ened to a CT value not exceeding 6 ppm 
hours, the possible effects of these excessive 
concentrations were minimized. Thus it 
may be stated that the permanent altera- 
tions observed in the lung were the result 
of concentrations 1.00.25 ppm ozone by 
volume as determined by the alkaline potas- 
sium iodide method. Recent evidence from 
our laboratory indicates that the neutral 
potassium iodide method gives values 1.54 
fold greater than the alkaline procedure at 
these concentrations. 


low 


At first glance it might not appear under- 
standable how the lung changes occur in 
view of the recently established tolerance 
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in these animals.® It can only be concluded 
that the tolerance to ozone is a development 
of an inhibitory mechanism that decreases 
the acute edema effect on the lung. The 
chronic changes are separate processes that 
are not prevented by the tolerance mechan- 
isms that are so highly effective in the acute 
phase. The mechanism of ozone tolerance 
is under investigation. 

There is one final point of interest: Di- 
vergences of body weight of exposed and 
control animals cannot be used uniformly as 
a reliable guide as to the extent of ozone 
changes in the lung. In neither the guinea 
pig nor the hamster could weight changes 
be used as a guide; the body weights of the 
ozone-exposed guinea pigs with the severest 
jung involvement exceeded those of the 
controls, and no distinguishable difference 
in the weight of the hamster and that of 
controls could be noticed. In the rat, al- 
though it was less responsive than the 
guinea pig, weight losses were seen. 


Summary 


Chronic injury has been shown to result 
in the lungs of small animals following 
repeated inhalation of a common air pollu- 
tant, ozone, at concentrations only two to 
three times greater than currently reported 
in urban areas. The injury is characterized 
pathologically as chronic bronchitis and 
bronchiolitis. In this disease the terminal 
airways of the lungs of the animals were 
thickened, the air passages narrowed, with 
fibrotic tissue response extending into sur- 
rounding areas of the lung and consequent 
emphysema, resulting in lessened capacity 
to move air in and out of the lungs. 

The dog showed none of the deep lung 
changes seen in the smaller animals but only 
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mild irritation of the trachea and major 
bronchi. Man’s relative position in_ this 
range of pulmonary response to ozone was 
judged to be between that of the dog and 
the smaller animals, on the basis of calcu- 
lations involving dimensions of the trachea, 
larger air passages, and ventilation rates, 
and assuming equal cellular susceptibility of 
man and dog. Reference made to man’s 
response to low-grade ozone exposures fur- 
ther substantiates this position. 

Statistical evidence is given that rigorous 
control of the exposure concentration was 
maintained at 1.03.25 ppm by volume as 
determined by the alkaline potassium iodide 
method. 

Dr. Louis J. Pecora of the Physiology Unit 
made the oxygen-satura.ion determinations. 


1014 N. Broadway. 
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Boron Hydride (Borane) Intoxication in Man 


HARRY J. LOWE, M.D., and GUSTAVE FREEMAN, M.D., Bethesda, Md. 


The high toxicity of boron hydrides has 
resulted in a number of accidental intoxi- 
cations in connection with the handling of 
these compounds during their industrial 
development. With current plans for in- 
creased production and use of these high- 
energy fuels,’* accidental exposures are apt 
to be seen in greater numbers and in new 
localities. 

Although extensive research on the tox- 
icology and pharmacology of the boranes 
has been carried out in animals, the specific 
mechanism of their action is as yet obscure, 
and specific therapy does not exist.4 The 
chemical reactivity of the boranes may be 
interpreted by keeping in mind the strong 
electron-acceptor properties of the boron 
atom.®® Also, boranes have strong reducing 
properties, and they react readily with am- 
monia, organic amines, unsaturated hydro- 
carbons, and various heterocyclic amines. 
The possibilities for chemical interference 
in biological processes are therefore mani- 
fold. Diborane yields pentaborane, and the 
latter gives rise to various hydrides, in- 
cluding decaborane. 

Diborane, one of the three compounds of 
concern in this report, is a gas (boiling 
point, —92.5 C) and hydrolyzes within a 
few seconds on contact with water. The 
hydrolysis products are boric acid (borates), 
hydrogen, and heat.® Although boric acid 
and hydrogen have been reported to be rela- 
tively nontoxic to man,’ there is likely to 
be an exothermic reaction within the lungs. 
The odor of diborane has been noted as 
“nauseating” by some observers. 
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Pentaborane, the second compound, is a 
volatile liquid, boiling at 58 C. Complete 
hydrolysis in water requires several hours 
at body temperature; the products are the 
with The toxicity of 
this compound is comparable to that of 
hydrocyanic acid in rats.* It is considered 


same as diborane. 


to have a “sweet” odor. 

Decaborane, the third compound, is a 
crystalline solid (melting point, 99-100 C) 
that hydrolyzes completely in about 30 days, 
although it is insoluble in water. 
fluids is 
It is the only compound of the 


Disap- 
pearance from biological more 
rapid.® 
three which is detectable by odor in concen- 
it has 
been described as having a nauseating, bitter 
or intense, chocolate-like odor. 

The pharmacology of the boranes, de- 
rived principally from animal studies, pro- 
vides guidance but cannot be extrapolated 
indiscriminately to man. Four cases of 
borane poisoning in man have been re- 
ported by Rozendaal.'° 

The present report results from a survey 
of dispensary records and laboratory data 
of 83 patients who had been potentially 
exposed to boron hydrides over a period of 
three years. A total of 137 probable expo- 
sures with toxic symptoms were recorded. 
Thirteen of the eighty-three patients were 
hospitalized. Nine hospitalizations resulted 
from 14 instances of exposure to penta- 
borane, whereas 2 out of 38 persons ex- 


trations that are not acutely toxic. 


TasLe 1.—Distribution of Exposures Per Person 


Exposures, No. Persons, No. Total Exposures, No. 


6 1 6 
5 2 10 
4 5 20 
3 7 21 
2 12 24 
1 56 56 
Total 8&3 137 
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TABLE 2.—Laboratory 
Day of 
Normal Range 1 2 3 4 5 6 7 8 
Blood pressure 100/46 
Blood tests * 
Sugar 70-110 mg./100 ec. 296 96 105 110 100 
NPN 25-35 mg./100 ee. 75 65 74 128 118 124 128 130 
BUN 10-15 mg./100 ce. 24 34 23 58 76 80 112 98 
Creatinine 1-2 mg./100 ce 2 6 5 6 5.5 
Uric acid 2-4 mg./100 ec 9.1 7.5 
CO: 25-30 mEq./L 20 15 20 21 
Serum Cl 99-108 mEq./L 101 97 
Alkaline phosphatase 1.2-4.0 B.U. 3.3 13 0.66 0. 
Cholesterol 150-27 mg./100 ee. 
Thymol turbidity 0-4 units 7.5 7.5 11 9.5 11.5 2.5 
Cephalin flocculation 
24 br. 2+ 2+ 3+ 3+ 2+ 
48 hr. 2+ 3+ 3+ 2+ 
Bilirubin ¢ Total, 0.4-0.9 mg./100 cc. 2.0 0.5 0.3 0.2 
Leukocytes 32,400 23,600 19,400 15,000 10,000 11,000 16,000 16, 
Hemoglobin 14-16 gm./100 ec. 12.5 11.5 14.5 12.5 11.5 11.5 11.5 
Fluid intake L./24 hr. 4.0 3.0 3.0 3.5 3.7 5.0 3.8 5.0 
Urine 
L./24 hr. 1.2 14 2.8 17 2.2 2.3 2.8 
Sp. er. 1.012 1,000 1.000 1.001 1.002 1.001 1.001 
Sugar 44+ 0 0 0 0 0 0 0 
Albumin 1+ 2+ Te Trace Trace Trace Trace Trace 
saayine (per HPF) Oce. Oce. 4-5 20-25 Oce. Occ. 
asts 0 
Erythrocytes (per HPF) 0 7-8 
PSP ¢ 
5 min. % (cc.) 7(75) 7(45) 13(113) 9(145) 
45 min., % (ce.) 6(45) 5(40) 10(50) 4(130) 
120 min., % (ce.) 6(65) 9135) 10100) 
Boron, yug./L. 2.9 2.5 0 04 0.2 0.4 0.7 0.8 


* Admission total protein, 7.5 gm. per 100 cc. (albumin, 4.12 gm.; globulin, 3.38 gm.); admission sulfobromophthalein retention, 


84% in 5 minutes, 86% in 45 minutes. 
+ Direct-reacting bilirubin was nugative during first five days. 
t Phenolsulfonphthalein excretions. 


posed to diborane and 2 of 19 exposed to 
decaborane were hospitalized. Table 1 
shows the number of exposures per patient. 
The clinical records of the eighi severest 
cases are described here. 


Case 1.—A 28-year-old man was exposed ac- 
cidentally to a boron hydride, pentaborane, as a 
result of dropping 250-300 ml. of “material” on the 
floor at approximately 10:30 a. m. He continued 
to work for about 10 minutes with the sludge at 
his feet Then, standing back several paces, he 
threw water on the material, which ignited and 
burned for about a minute. A white dense smoke 
quickly diffused throughout the shop and cleared 
quickly when the doors were opened and the 
blowers were turned on. Reports indicate that 
the patient remained in the vicinity for an ad- 
ditional 30-60 minutes. 

He left the area and was observed shortly after- 
wards sitting on the edge of a chair, rigidly ex- 
tended (opisthotonic), apparently unconscious, with 
his eyes oven and rolled upward. His head began 
to roll from side to side, and involuntary muscular 
contractions of all extremities were noted. He was 
carried by stretcher to the dispensary, where con- 
vulsions recurred during administration of oxygen. 
En route to the hospital he could be aroused for 
brief intervals. He was admitted at 12:10 p. m. 
and was immediately placed in an oxygen tent. 
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On physical examination the patient was flaccid 
and comatose except for brief intervals of extreme 
restlessness and disorientation. His appearance 
was “ashen.” (The patient’s blood pressure was 
100/40; the pulse rate, 150, the respiratory rate, 
33, and the temperature, 99 F.) The pupils were 
equal, and the left one reacted only slightly to 
light. The chest was clear, and the heart sounds 
were unimpaired and regular. The abdomen re- 
vealed no abnormalities. The extremities were 
normal. Response to pain elicited by “hair pulling” 
on the legs was observed. 

An electrocardiogram revealed only sinus tachy- 
cardia. A portable chest x-ray, though not entirely 
satisfactory, was normal. On admission, prior to 
administration of fluids, the blood sugar was 296 
mg. per 100 cc.; the nonprotein nitrogen, 75 mg. 
per 100 cc., and the urea nitrogen, 23.8 mg. per 
100 cc. The white cell count was 32,400, and the 
differential count was not unusual. Liver-function 
studies revealed a thymol turbidity test of 7.5 
units (3+ flocculation), a 24-hour cephalin 
cholesterol flocculation of 2+, and a high retention 
of sulfobromophthalein (BSP). There was 
glycosuria of 4+ and albuminuria of 1+. Other 
and subsequent laboratory tests are summarized in 
Table 2. 

The patient was given 10% glucose intravenously 
and meperidine (Demerol). He vomited small 
quantities of green mucus on several occasions. 
During the evening he was conscious at frequent 
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Data on Case 1 


Hospitalization 


156/96 156/104 156/104 166/110 168/110 164/106 174/110 166/124 158/128 140/104 130/96 
108 108 0 85 72 40 31 32 

70 12 
4 3 2.5 18 
183 18 25 

Ls 

149 
(74% esters) 

25 85 9345 105 93 75 3 
2+ 4+ 2+ 2+ 3+ 3+ 2+ 

0.5 
11.0 13.0 12.5 11.5 

2.5 31 26 29 34 34 42 39 31 40 30 3.1 2.7 
1.002 

0 0 oO 0 0 0 0 0 0 0 0 0 0 0 0 

10(75) 30(90)  40(115) 

10(55 14(70) 

10(120) 15(160) 11(180) 

0.9 08 09 06 06 07 


intervals but was disoriented and uncooperative. 
On one occasion he was found lying on the floor, 
apparently uninjured. During the night he im- 
proved and complained of “light-headedness” and 
“terrible headache.” Restlessness increased, and he 
developed episodes of protracted hiccups, apparent 
during the following six days. Spinal fluid pres- 
sure and composition were normal on the second 
hospital day. The patient became better oriented 
and responded to questioning, but he still ex- 
perienced periods of confusion and drowsiness. 
“Tremors” were noted on the second day. On the 
third hospital day the patient’s confused state had 
subsided, hiccups persisted, and he complained of 
some tenderness in the right hypochondrium. The 
liver was not felt. Oxygen therapy was discon- 
tinued. Some puffiness around the eyes was noted. 
The patient was placed on a low-salt high-carbo- 
hydrate liquid diet. Five days after exposure he 
complained of dizziness, severe headache, and 
tenderness posterior to the right ear. This was 
ascribed to “peripheral neuritis.” X-rays of the 
skull showed no abnormalities. Intermittent hic- 
cups were bothersome and resulted in epigastric 
discomfort. 

The patient’s breath was described as uriniferous. 
A urine examination on the sixth day showed 
20-25 white cells and 7-8 red cells per high-power 
field. His temperature rose to 100 F. He was 
given erythromycin (Ilotycin) for a urinary tract 
infection. A  phenolsulfonphthalein-excretion test 
at this time showed 19% excretion of dye in two 
hours. Liver-function tests remained abnormal 
until discharge, 40 days after admission. 
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The patient regained consciousness by the fifth 
day and appeared to have recovered completely 
at the time of discharge. 

Case 2.—A 24-year-old man gave a history of 
exposure to diborane about once weekly for the 
previous two and one-half years. Eight months 
previously he was found to have a cephalin-floc- 
culation test of 3+ (48 hours). Four months 
prior to the present exposure liver-function and 
other laboratory tests were normal. 

This patient was standing 20-25 ft. from the 
site of the accident described in the previous case. 
He entered and left the smoke-filled room several 
times and later ate his lunch in this room. 

About 4 p. m. (five and one-half hours after 
the accident) “light-headedness” was noticed and he 
developed hiccups. 
noted during 


Nausea and drowsiness were 
evening. On the following 
morning, while en route to work, he experienced 
great difficulty in remaining awake. The drowsi- 
ness persisted during the forenoon. During the 
afternoon the patient slept soundly at home. While 
he attended a basketball game that evening, the 
muscles of both thighs were painful and began to 
shake. Ambulation became dithcult. A friend drove 
him to the hospital. 


the 


On admission (10 p. m.) the patient was ap- 
prehensive but cooperative. Jerking movements 
and tremors (about 200 fasciculations per minute) 
of all extremities and the mandible were noted. 
The feet were extended at the ankles. Diaphoresis 
was profuse. The pupils were equal and reacted 
normally to light. Photophobia was evident. The 
breath sounds and heart sounds were normal. 
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Respiratory and cardiac rates were 24 and 93 
per minute, respectively. No murmurs were heard. 
Blood pressure was recorded at 134/90. The ab- 
dominal muscles were rigid, but no tenderness 
could be elicited. The liver, spleen, and kidneys 
were not thought to have been enlarged. A 
neurological examination revealed no abnormalities. 
During the night the patient remained flushed and 
perspired profusely. There was frequent twitching 
of the facial muscles, arms, and legs. He com- 
plained of continued “cramp-like” pain in the 
thighs and abdominal muscles. 

After administration of dihydromorphinone 
(Dilaudid) the tremors subsided and the patient 
slept for short intervals. Diaphoresis and drowsi- 
ness continued during the second hospital day. The 
tremors had ceased and the patient developed head- 
ache and dizziness on sitting. On the third hospital 
day definite tenderness along the right costal 
margin was observed, but excessive muscular 
spasm prevented satisfactory palpation. On the 
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subsequent day tenderness over the liver had in- 
creased, but the liver was not palpable. Weakness 
and light-headedness were the patient’s chief com- 
plaints. His condition improved progressively, and 
he was discharged seven days after exposure. 

Approximately one month later the same person 
again noted the odor of diborane and complained 
of hiccups and nausea. Examination was normal. 
The blood cephalin flocculation was 44+ (24 
hours). The urine was clear. 


Six months following the initial exposure the 
patient was exposed to pentaborane for approxi- 
mately 20 minutes. During the exposure he de- 
veloped hiccups for approximately five minutes. 
He slept well that night, but hiccups returned on 
awakening. The following morning the patient 
noted lack of coordination and about 10:30 a. m. 
experienced “cold shivers” and frontal headache. 
He was hospitalized for observation. Physical 
examination revealed only slight tenderness over 
the liver. He was unusually drowsy. Improvement 


Taste 3.—Blood Chemistry Values in Hospitalized Cases 2-8 of Boron Hydride 
Intoxication 


Plasma Protein, 
Mg./100 Ce. 


Case Postexposure NPN, Urea ~ 
Day Mg./100 Ce. Meg. /100 Doe. Albu- 
min * 
Before exposure Nt N —_ 
1 _ 17 - 
2 45 18 — 
3 44 
4 15 
2 5 60 15 _ 
6 44 _ - 
7 44 13.6 — 
28 =<» 
6 mo. 30 9.1 3.56 
20 mo. N N 
Before exposure 37 17.5 
1 46 19.6 - 
2 5G 16.6 _ 
3 45 15.4 
4 
3 5 44 21 
6 45 4 4.33 
7 45 14 — 
8 27 14 = 
4 mo. 37 20.3 _ 
33 -- 
1 50 17 
2 46 17 - 
3 4s 15 
a 4 45 “4 
30 38 18 
10 mo. 37 7 
8 = 
Before exposure 4.52 
2 $3 15 5.10 
6 5 
6 
25 10 
7 1 31 13 3.99 
8t 1 31 13 3.55 


Cephalin Floccu- Bilirubin, 
lation, Units Mg./100 Ce. 


Thymol — 
Globu- Turbidity, 24 Hr. 48 Hr. Total* Direct * 
lin * Units * 


N Neg 1+ = 
2+ 4+ 
ane 0.3 Neg. 

2+ 3+ 0.5 0 
- 2.3 3+ 44 — - 
1.5 44 44 
4.47 1.5 Nez. Neg. 

2 1+ 2+ — 
18 - 

14.5 Neg Neg 0 Neg 

_ 10.5 Neg. Neg 0.1 Neg 
4.12 12.5 Neg. Neg 

Neg. Neg - 
10.5 Neg. 1+ 

- Neg Neg N N 

- 1.5 Tr 3+ Neg 
2+ 2+ 0.70 eg 
2+ 3+ 1.2 Tr 

- Neg Neg. 1 0.1 

- 9.5 2+ 3+ — 

- 9.5 2+ 44 = — 
3.47 4+ 44+ -- 
— 9.5 Tr. 4+ — 
16 1+ 2+ 
on 4+ 4+ 
4.56 4.5 Neg. 1+ 
3.49 3 Neg. Neg. 


* Normal values are as follows: NPN, 25 to 35 mg./100 ce.; urea N, 10 to 15 mg./100 cc.; albumin, 4.5 to 5.5 mz./100 ec.; oe. 
1.5 to 3.5 mg./100 cec.; thymol turbidity, 0 te 4 units; total bilirubin, 0.4 to 0.9 mz./100 ec.; ‘direct-re: acting bilirubin, 0.2 mg. 


+ Normal. 


t Normal preexposure values. This was the last of six exposures to diborane. 
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was rapid, and he was discharged after three days. 
This exposure was mild, and the laboratory tests 
were essentially normal. Approximately a year 
later, without any record of further exposure, 
this person’s cephalin flocculation was found to be 
3+ (24 hours). Blood chemistry studies on this 
patient are summarized in Table 3. Urinalvses 
and hematological studies were considered normal 
on all occasions. 

Case 3.—At the time of the accident involving 
Cases 1 and 2 a 41-year-old man was in another 
part of the building. He looked into the room 
where the material had been burning and a little 
later returned and noted “something bubbling in 
water on the floor.” He flushed the material down 
the drain with water and went to work at his 
bench in this room. About 20-60 minutes later he 
began to feel dizzy. After lunch he returned to 
the room and noted that the “odor” was still 
present. At 1:00 p. m. he was ordered to the 


first aid station, where he complained of “internal 
jitters” and slight dizziness. He was hospitalized. 


On examination, the patient was well oriented, 
alert, and slightly apprehensive. Physical findings 
were entirely normal. Blood pressure was 126/80, 
and the pulse rate was 8&4. His hospital course 
was uneventful, and he was discharged seven days 
later. The thymol turbidity was 18 units on ad- 
mission and 10.5 units on the day of discharge. 
Prior to exposure liver-function tests had been 
normal. Four months after exposure a cephalin 
flocculation test was negative. The  thymol- 
turbidity test was not performed. 

Case 4.—Shortly before noon a 20-year-old 
youth entered the room where the incident de- 
scribed above had occurred. He remained about 
10 minutes and returned to work in another room. 
About 2:30 p. m. he noted dizziness but no numb- 
ness, headache, or cough. In view of the serious- 
ness of Case 1, the patient was hospitalized at 
about 7 p. m. for observation. 

The patient was alert and cooperative, yet 
apprehensive. He had been employed in the produc- 
tion of boranes for nine months. His preemploy- 
ment record indicated a cephalin flocculation of 
4+ (48 hours). Physical examination revealed 
nothing abnormal. The blood pressure was 110/56, 
and the pulse rate, 60. At about 12:30 a. m. the 
following morning the patient was found wander- 
ing in the corridors apparently “lost.” He slept 
for long intervals during the remainder of the 
night and the following morning. About noon on 
the second hospital day visible tremors of the 
hands and face were noted. These lasted for 
about an hour. He slept intermittently for brief 
periods and was confused and combative while 
awake, insisting upon going home. At 7 p. m. on 
the second day striking tremors of the entire body 
ami frothing at the mouth appeared and lasted 
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ior approximately 30 minutes. After this “seizure” 
the patient’s mouth remained open with tongue 
protruding. Marked diaphoresis was present. He 
remained drowsy and confused for the. remainder 
of the After 
dihydromorphinone he 
night. 
third day after exposure, and he offered no com- 
plaints. 


sedation with 
rested quietly during the 
His condition was much improved on the 


evening. heavy 


At his request he was discharged. Seven 
months after exposure blood chemistry tests were 
normal (see Table 3). 


20-year-old youth repaired and 
washed off a pump containing decaborane. On 


Cask 5.—A 


20-30 occasions, while in the corridor adjoining 
the pump room, he removed his mask and noted 
the odor of “a gas.” During the final washing of 
the pump slight dizziness was noted. The patient 
felt well until he experienced dizziness and weak- 
ness in the knees following his evening meal. He 
siept soundly, but the dizziness and weakness re- 
turned when he arose. No visual disturbances, 
headache, or nausea was noted. He felt sleepy 
while driving to work. Examination at the plant 
dispensary revealed nothing unusual. However, 
he went home and slept from 2 to 5 p. m. and 
from 6 p. m. to 7 a. m. the following morning. 
He attempted to drive to work but, concerned over 
lack of coordination, he returned home. Shortly 
thereafter, while he was being driven to the hos- 
pital, involuntary contractions of the neck muscles 
resulted in alternate rotations of the head to the 
right and left, and his right leg stiffened. The 
patient arrived on the ward leaning well over to 
the left in a wheel chair. When he got into bed, 
his face was flushed and: he “shook the bed as with 
a chill.” Rolling to and fro in bed the patient 
complained of “hurting”. Phenobarbital was ad- 
ministered, and after about 15 minutes the patient 
was resting more quietly. 

Physical examination revealed stiffness of the 
This was absent 
while supine. The spine was straight while prone. 
When the patient stood, the left shoulder drooped 
in a few 


neck when sitting or standing. 


seconds while the neck inclined to the 
right, keeping the head vertical. Fine tremors at 
300 fasciculations per 
minute were observed in the left arm and leg. The 


tremor could be felt to the left of the vertebral 


an approximate rate of 


column, and the right erector spinalis appeared 
to be in spasm. 


mouth 


Examination of the eyes, nose, 
revealed no abnormalities. The chest 
and heart examination was normal. Respirations 
were 28 per minute, and the pulse rate was 96. 
The blood pressure was 156/96. The abdominal 
muscles were terise, und the liver edge could not 
be felt. The patient remained quiet until 5 p. m. 
At that time tremors and contractions of the arm 
and back were described as “severe.” The fists 
were clenched, forearms were fexed. 


and 


while the 
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Diaphoresis was profuse. He began to relax a 
few minutes after receiving meperidine. The next 
day the patient was much improved. In view of 
the elevated thymol-turbidity and cephalin-floc- 
culation levels, hospitalization was continued. The 
patient was discharged eight days after exposure, 
without improvement in the thymol-turbidity and 
cephalin-flocculation tests (see Table 3). Later 
results are not available. 

Case 6.—A 41-year-old man noted the odor of 
pentaborane while repe ing a pipeline. He coughed 
a little after expos: e. No further symptoms 
occurred until the following morning, when his 
hands began to “shake.” The shaking rapidly be- 
cume generalized. 

When admitted to the hospital the patient was 
trembling, weak, and appeared deeply flushed. 
Aside from constant tremors of the hands and 
legs, physical findings were entirely normal. Blood 
pressure was 140/106, and the pulse rate was 72. 
Respirations were deep and stertorous at 19 per 
minute. Meperidine and intravenous glucose were 
administered. The tremors subsided except for a 
brief shaking period during the afternoon. On the 
next day the patient was confused but much im- 
proved. He was discharged after six days. Labora- 
tory tests are summarized in Table 3. He returned 
to work 18 days after his exposure. Six months 
later his cephalin-flocculation values continued to 
remain elevated (44- at 24 hours), as they were 
on a preemployment examination three months 
prior to the current episode. A sulfobromophthalein 
retention, after exposure, of 7% in 45 minutes was 
observed. 


Case 7.—A 26-year-old employee had been as- 
sisting Case 6. Although wearing a mask, he noted 
an odor for about half a minute but continued his 
work for an hour. No symptoms were observed 
until the next morning, when difficulty with 
vision was noted. He was dizzy when getting out 
of bed. The symptoms persisted as he drove slowly 
to work and also throughout the morning. Light 
had been “hurting his eyes” for about half an 
hour before admission at noon, and he developed 
a headache. The patient had photophobia, but 
nothing abnormal was found on physical examina- 
tion. Blood pressure was 114/66, and the pulse 
rate, 84. With the possible exception of increased 
drowsiness, the patient had an uneventful hospital 
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TaBLe 4.—Correlation of Symptoms and Intoricating Agents 


course and was discharged after three days. Lab- 
oratory tests were all within normal limits. 

Case 8.—A 32-year-old man gave a history of 
being exposed to a diborane derivative for about 
10 minutes. About 20 minutes later he noted 
nausea and tightness over the precordium. After 
he inhaled oxygen for five minutes, his symptoms 
subsided somewhat and he returned to work. The 
fumes were still present, and so he left im- 
mediately. During the afternoon a physician rec- 
ommended hospitalization, but the patient refused. 
During the nigh precordial tightness on lying 
down forced him *o sit in a chair. At 3 a. m. he 
experienced “chills” and tremors which lasted 20 
minutes. He vomited after eating an egg for 
lunch on the folowing day. After consulting his 
physician, he was hospitalized. (During 1! months 
of employment he to have had several 
exposures to diborane.) On examination the chest 
was clear, Ps was accentuated, and the neurological 
findings were normal. The liver edge was just 
palpable at the costal margin and slightly tender. 
and electrocardiogram was normal. 

The patient slept soundly after admission and 
felt much improved on awakening. X-rays of the 
chest showed evidence of pulmonary “irritation.” 
Laboratory findings (Table 3) were within normal 
range. The patient was discharged after three 
days. 

Table 4 indicates the degree of correla- 
tion between the most frequently observed 
complaints and the compound or mixture 
involved. When a solitary borane was im- 
plicated, according to the records, there 
was no complete assurance that it was the 
only noxious agent. A list of symptoms 
and the number of times each was observed 
are given in Table 5. The hospitalized 
group is included in the dispensary records 
and is listed separately, as well. The symp- 
tomatology reported by Rozendaal?’ is 
given for comparison. 

From the cases described and the accu- 
mulated dispensary information some clear- 
cut generalizations can be made. Symptoms 


from diborane were tightness, heaviness, 


Exposures, 
Agent No. 


Dizziness Headache Drowsiness Tightness 


Chest 
Cough Nausea Chills 


Diborane 4 (10)* 8 (20) 1 (2.5) 26 (66) . 15 (38) 
Pentaborane 14 10 (71) 4 (28) 11 (78) 1 (7) 2 (14) 1 (7) 1 (7) 9 
Decaborane 19 10 (52) 8 (42) 3 (15) 3 (15) 2 (11) 6 (31) 3 (16) 2 
Mixture or unknown 65 40 21 18 16 20 19 4 

Total 137 64 41 33 39 32 4 13 


* Percentages are given in parentheses. 
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TABLE 5.—Frequency of Symptoms in Borane 
Intoxication 


Frequency of Symptoms 


Among Hospitalized 
Patients 


Present Rozen- 
Series (13) daal** (4) 
Dizziness, vertigo 4 

(loss of equilibrium) 
Tightness in chest 
Headache 
Cough 
Drowsiness (sleepiness) 
Nausea 
Nervousness, restlessness 
Fatigue, weakness 
Convulsions, shaking 
Chills, fever 
Shortness of breath 
Muscular pain 
Numbness 
Tinnitus 
Slurring of speech 
Excessive perspiration 
Pain in chest 
Appetite increased 
Appetite decreased 
Loss of memory (confusion) 
Diplopia 
Precordial pain 
Belching, hiccuping 
Liver tenderness 
Opisthotonos 

Cramps 
Cyanosis 
Hyperactive reflexes 


| Loom! | | 


* Less cases of Rozendaal. '° 

{ Made up largely of eases of diborane exposure. 
and burning sensations in the chest; short- 
ness of breath; nonproductive cough, and 
precordial pain. Of the 39 exposures to 
this compound, chest x-rays were obtained 
on the two hospitalized cases only. Infiltra- 
tion, consistent with pulmonary irritation, 
was observed in both cases and cleared up 
in a day or two. There were no abnormal 
physical findings in any of the chests ex- 
amined, 

Central nervous system symptoms ap- 
peared after prolonged exposure to low 


concentrations of diborane. Headache, 


“‘light-headedness,” dizziness, vertigo, chills, 
and, less frequently, fever were reported. 
Fatigue or muscular weakness generally 
ensued and persisted from several hours to 
overnight. Convulsions were not observed. 
Tremors or muscular fasciculations 
seen infrequently, were localized, and 
were of short duration. These symptoms 
were similar to, but less severe than, those 
produced by penta- and decaborane, and 
tended to be transient, as would be expected 
from the rapid rate of hydrolysis of di- 
borane. 


were 


Laboratory studies were not made rou- 
tinely immediately after diborane intoxica- 
tion. However, a number of elevated 
nonprotein nitrogen values and positive 
cephalin-flocculation tests were noted after 
exposure. In addition, there was a signifi- 
cant number of abnormal cephalin-floccu- 
lation tests in persons who gave no record 
of exposure, suggesting the possibility of 
slow cumulative toxicity (Table 6). 

Headache, dizziness, and often hiccups 
developed very soon after exposure to pen- 
Chest rare. 
Drowsiness and postprandial nausea gen- 
erally ensued; in the case of light exposure 
these were occasionally the initial com- 


taborane. symptoms were 


plaints. The majority of patients experi- 
enced nervous or “jittery feeling,” shortly 
after exposure. Lack of coordination in- 
creased progressively. Pain or cramps of 
the arm, neck, back, or thigh muscles were 
common, Spasm of the abdominal muscles 
was severe in one case. Intermittent in- 


voluntary muscular contractions of the ex- 


TABLE 6.—Summary of Blood Chemistry Values 


Abnormal Values, No. 


38.D.* Without With Not Normal 


Expected 


Nonprotein nitrogen 
Blood urea nitrogen t 
Cephalen flocculation § 


Thymol turbidity 
Sulfobromophthalein test 
Alkaline phosphatase 


Known 
Exposure 


52 1 30 32 5 
10 12 0 
12 
16 0 
20 0 

8 0 


- Known 
Observed Expected 


Exposure 


on Last 
Analysis 


* Standard deviation. 

+ All increased. 

t Calculated for 300 separate determinations. 
§ Forty-ight-hour values. 

# Calculated for 100 separate determinations. 
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62 15 
15 
41(4+) 
21 
28 
5# 
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tremities or neck invariably followed the 
above symptoms. A fine tremor thought 
to have been at a rate of 200 to 300 per 
minute was usually associated with convul- 
sions and usually persisted for variable 
periods following seizures. All the above 
symptoms developed with extreme rapidity 
in Case 1. An outstanding characteristic, 
on the other hand, was the latency observed 
for many of the central nervous system 
effects. Incoordination, tremors, or convul- 
sions often did not occur until 40 to 48 
hours after exposure. Confusion, inability 
to concentrate, and severe headache were 
often protracted. 


Three patients developed mild hyperten- 
sion with a gradual return to normal over 
a period of several days. Electrocardio- 
grams obtained in three cases were normal. 


An early rise in nonprotein nitrogen was 
observed in several other cases, although 
the phenolsulfonphthalein excretion was not 
abnormal. In all the hospital cases the ele- 
vated nonprotein nitrogen subsequently 
returned to normal. Several patients were 
discharged in a week, although the liver- 
function tests were abnormal. 


The 19 recorded exposures to decaborane 
were mild, and the available information 
does not provide a basis for discussion of 
clinical effects. Thymol-turbidity, cephalin- 
flocculation, and nonprotein nitrogen deter- 
minations have been elevated in a_ few 
isolated instances. Symptoms suggest a 
similarity to pentaborane intoxication with 
central nervous system effects predominat- 
ing. Nausea and headache (Table 4) were 
observed more frequently in decaborane 
poisoning; in this respect, it closely resem- 
bles chronic exposure to pentaborane. 

Blood chemistry and liver-function tests 
were obtained routinely at four- to  six- 
month intervals on all persons. Preemploy- 
ment liver-function tests were done only 
during the latter part of the screening 
program. Also, testing was not always 
performed immediately after mild expo- 
sures. Control values for a normal popula- 
tion were not available from the laboratory 
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performing the tests, and so distribution 
data reported in the literature served as 
controls in evaluating the significance of 
results.!!?7 These are summarized in Table 
6. Because abnormal chemistry values in 
the severest acute cases (see case histories ), 
as well as in the many milder ones followed 
in the dispensary, generally approached nor- 
mal within 30 days, abnormal values, sepa- 
rated by a period of about four months, 
were considered as individual abnormalities. 
Multiple abnormal values connected with 
a single exposure were counted as one. The 
usual sequence, however, was one abnormal 
value interposed between normal ones. The 
figures, therefore, represent episodes of 
abnormal values, and so duplication within 
a particular episode is eliminated. 

The number of values greater than two 
and three standard deviations from the 
normal mean was estimated from the dis- 
tribution of values for a normal population 
of comparable size in Table 6 (Columns 
2 and 4, respectively). Columns 3 and 5 
indicate the number of persons in a normal 
group of comparable size that could be 
expected to have such relatively high values. 
Columns 6 and 7 show, roughly, the correla- 
tion of abnormal values witk ‘-ewn expo- 
sure. 

Nonprotein nitrogen, urea nitrogen, and 
cephalin-flocculation determinations were 
obtained periodically with little regard to 
history of exposure, whereas thymol-tur- 
bidity, sulfebromophthalein, and alkaline 
phosphatase determinations were made more 
frequently on obviously exposed persons. 

Positive cephalin-flocculation tests (3+ 
in 48 hours) were obtained in relation to 
75 episodes experienced by 83 patients. 
Only 30 were associated with known clin- 
ical exposures, the remainder being ob- 
served on routine examination. In 11 cases 
the cephalin-flocculation test was positive 
within 24 hours of known exposure. The 
time required for return to normal was 
variable and was usually two to four weeks. 
Some persons returned to work with ele- 
vated cephalin-flocculation (or thymol-tur- 
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bidity) values; in 12 such persons the 
cephalin flocculation had not reverted to 
normal when tested 6 to 12 months later. 
Also, repeated exposures were known to 
have occurred (Table 1). 


Serum albumin and globulin determina- 
tions obtained on six occasions revealed 
globulin elevations.'* A number of serum 
bilirubin studies were within normal limits. 
There were frequent significant elevations 
of nonprotein nitrogen over prior normal 
levels. In several cases it was elevated on 
the first day of exposure. Abnormal values 
were observed to return to normal within 
one to three weeks. In five instances in 
which elevations persisted for six months 
reexposure during the interim could not 
be ruled out. Only one of nine cases studied 
showed a significant decrease in phenolsul- 
fonphthalein excretion (Case 1). The rapid 
rise of the nonprotein nitrogen in this case 
was difficult to explain on the basis of im- 
paired kidney function alone and suggested 
an increase in the rate of formation of 
nitrogenous constituents from endogenous 
sources or from increased tissue destruc- 
tion, or both. The elevated blood creatinine 
and uric acid support the idea of tissue 
destruction. In view of the paucity of 
elevated blood urea nitrogen values, the 
composition of the nonprotein nitrogen 
remains in doubt. Available renal-function 
studies do not permit evaluation of the part 
played by the kidneys in this regard. Uri- 
nalyses, including determination of specific 
gravity, albumin, sugar, acetone, and uro- 
hilinogen and microscopic examinations, 
were considered normal except in Case 1. 

Urinalyses for boron’ were performed 
in Case 1. The excretion was elevated dur- 
ing the first two days after exposure. The 
low urine levels between the third and sixth 
hospital days and slightly higher ones for 
several days subsequently suggested slow 
elimination of boron. 
studies 


Hematologic including hemo- 


globin determinations, red and white cell 
counts and differentials counts, and deter- 
mination of hematocrit values, sedimenta- 


lL.owe—Freeman 


tion rates, and prothrombin times were 
uniformly normal except in instances where 
the abnormality could be explained on the 
basis of infection or dehydration. Per- 
sistent leukocytosis in Case 1, however, may 
have been more directly related to the in- 
toxication. Other studies made are sum- 
marized in the case histories. 


Comment 


The plans for producing large quantities 
of borane compounds as fuels indicate that 
intoxication with these agents will be a 
growing hazard. Both the increasing avail- 
ability of these materials and the paucity 
of clinical experience with borane poisoning 
demand that all clinical information be 
made more available. 

Data gained from 83 patients having had 
a total of 137 exposures are added to 
Rozendaal’s earlier report of 4 cases. The 
data are far from complete but represent 
a useful body of fact upon which to build. 
The eight severest cases, all hospitalized, 
are described in some detail. 

The most commonly reported symptoms 
are referred to the particular borane (Table 
4), when it was known. The volatile nature 
of diborane appears to be responsible for 
the high frequency of tightness in the chest 
and cough, as earliest evidences of contact. 
On the other hand, penta- and decaborane 
first give rise to dizziness, drowsiness, and 
headache, indicating early effects on the 
central nervous system. However, all three 
manifest nervous system intoxication even- 
tually. Also, respiratory symptoms have been 
noted in association with the poorly vola- 
tilized higher boranes as well as with 
diborane. It is noteworthy that absorption 
of boranes, particularly those of higher 
molecular weight, may occur through the 
skin, also, 

In Table 5 complaints are listed in order 
of frequency for all exposures. Dizziness, 
headache, drowsiness, and nausea appear 
to be outstanding in frequency, except for 
the respiratory sensations and cough asso- 
ciated with diborane. Evidence for develop- 
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ment of central nervous system intoxication 
includes nervousness, restlessness, fatigue, 
weakness, shaking, convulsions, and, per- 
haps, chills and fever. A variety of other 
signs and symptoms were less frequently 
noted but can be expected to occur as the 
intoxication becomes better known. 

In addition to the clinical manifestations 
of poisoning, the review of available labora- 
tory data indicates strongly that the liver 
and kidneys have been affected, as antici- 
pated from animal studies. A number of 
abnormal liver-function tests 
were made among patients routinely tested 
but not hospitalized. This was true also of 
nonprotein and blood urea nitrogen levels, 
indicating renal damage or possible tissue 
destruction. The incidence of these ab- 
normal values in persons without clinical 
findings is significantly greater than that 
anticipated in a normal population. These 
tests, then, should be useful in screening 
persons potentially exposed to boranes. 


values for 


Methods for the determination of borane 
in the urine and blood are in the process of 
development,'* although values for boron 
have been reported by Rozendaal !° to have 
been elevated in the blood in one of his 
cases. 

Toxic encephalopathy was described by 
encephalography in two cases.’° 

Effects that have been described for tne 
cardiovascular systems ot severely poisoned 
animals ® thus far have avoided detection 
in the clinic. The general pharmacodynam- 
ics and possible mechanisms of intoxication 
in animals have been reported. Fortu- 
nately, lethal degrees of poisoning carried 
out in animal studies *1*1* have not yet 
been seen in man. Experimental data will 
provide close guidance in anticipating dis- 
ease in man. 

The clinical and laboratory observations 
reported here suggest that confusion is 
likely to be commonest between penta- and 
decaborane intoxication and other causes 
of uremia, acute hepatic disease, and acute 
encephalopathies (inflammatory, vascular, 
and toxic). This would also pertain to di- 
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borane in the advanced state, although pul- 
monary signs might lead one to suspect 
forms of respiratory disease other than 
those with Milder 
diborane poisoning should not be too easily 


associated infection. 
confused with the commoner acute respira- 
tory ailments, either infectious or allergic. 
Also, odor would be of some value as a 
warning. 

It is obvious that proper precautions, 
detection mechanisms, and protective equip- 
ment and clothing may be essential preven- 
tive measures. Indoctrination the 
handling of boranes should be preliminary 
to the proper use of equipment. 


Summary 


Clinical and laboratory data on 83 per- 
sons, some not exposed but routinely tested 
and others potentially exposed to either di-, 
penta-, or decaborane, or their mixtures, 
are presented. The degrees of poisoning 
vary from subclinical to severe. Laboratory 
tests for screening purposes are evaluated. 


National Cancer Institute, 
of Health. 


National Institutes 
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News and Comment 


ANNOUNCEMENTS 


Congress on Industrial Health—The 18th Annual Congress on Industrial Health will 
be held at the Schroeder Hotel in Milwaukee, Jan. 27-29, 1958. The Congress is arranged and 
sponsored by the Council on Industrial Health of the American Medical Association. Prelimi- 
nary programs are available from the Council office, 535 N. Dearborn St., Chicago 10. The 
program will also be published in The Journal of the American Medical Association. 
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Books 


The Early Detection and Prevention of Disease. Edited by John P. Hubbard. Price, $7.50. 
Pp. 350. McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36, 1957. 

In preface and introduction, the practice of oreventive medicine is interpreted broadly 
according to generally recognized divisions of promotion of health, specific prevention, early 
recognition, and prompt treatment of disease, disability limitation, and rehabilitation. Except 
for a chapter.on specific prevention of communicable disease by immunization, the book adheres 
to its title, a concern with the third of the five recognized levels of prevention. It disclaims 
straightforwardly any pretense of being a textbook of preventive medicine or a comprehensive 
review of early detection and treatment of disease. The main attention is to preventive aspects 
of disease of the cardiovascular and gastrointestinal systems, and to a less extent to mental 
disorders and musculoskeletal conditions. The published work is an outgrowth of a five-day 
symposium, a postgraduate course of the American College of Physicians. The presentation is 
by 28 contributors, all skilled clinicians in a particular speciality but repeatedly by their own 
admission none too certain what constitutes prevention in the particular field. 

Preventive medicine must evolve from clinical medicine and not from public health if the 
objective is to become an integral part of medical practice. This book marks healthy progress, 
an appreciation of the change in demands on practicing physicians, and the growing concept 
of the family as the unit of medical care. The physician of the future, however, needs to come 
in some way to derive as much satisfaction from identifying the heart that can foster a four- 
minute mile as in recognizing an exaggerated mitral stenosis. This emphasis on detection of 
early disease is the first step; the next is identification of low-grade health with danger of 
deviation to early disease; the ultimate step is to identify the healthy reserve capable of resisting 
most stresses. Equally certain methods are still to be developed for identification of the satis- 
factory or superlatively functioning organ as exist for recognition of pathologic change. The 
present course of study and experience afforded medical students does not regularly do this, 
which is not to discount the progress made in numerous schools. 

The book is readable, has a message, and the editing is good; the dismay in encountering a 
sordid error on the first page of the preface was soon dissipated. Chapter references are 
irregular, occasionally overdone, and more often there are none at all. They would appear to 
have special value in this particular kind of book. Those given are uniformly recent. 

The industrial physician and the medical officer of the Armed Forces are suggested as 
finding greatest use for this volume; the pediatrician should be included. In reality, they need 
it least, for preventive medicine has advanced more in those fields than in most others. By 
choice, it is commended to the bulk of physicians in general practice and in the specialties. 


Joun E. Gorpon, M.D. 


The Diagnosis and Treatment of Pulmonary Tuberculosis. By Paul Dufault. Price, $9.00. 
Pp. 426. Lea & Febiger, 600 S. Washington Sq., Philadelphia 6, 1957. 

This textbook offers a very readable review of the clinical features, diagnostic methods, 
and therapy of tuberculosis. The author intended to provide concise and practical information 
rather than an exhaustive and critical study of the disease; so the volume cannot be recom- 
mended as a reference book, but rather as a practical manual. 

ALBERT O. SFELER, M.D. 
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New M-S-A® Lead-in-Air Detector Kit determines 
and measures air-borne lead dusts and fumes 


There’s a quick, effective way to protect workers in 
lead exposures. Use an M-S-A Lead-In-Air Detector Kit. 

M-S-A has assembled a field kit for detecting and . 
measuring air-borne lead contamination. The apparatus MINE SAFETY APPLIANCES COMPANY 
in this kit permits determination of the weight of lead 
present in a measured volume of air by use of a simple E Aviad 
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below and above the Maximum Allowable Concentra- 
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small concentrations of invisible lead dusts and fumes. 
However, a constant check must be kept on its effective- 
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That’s why the M-S-A Lead-In-Air Detector Kit 
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